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IMMUNOREGULATOR 

CROSS-REFERENCE TO RELATED APPLICATIONS 
[0001] Thisapplicationisacontinuationofco-pendingapplicationserialno. 09/716,777 filed 

November 20, 2000, now U.S. Patent , which was a continuation of co-pending International 

Application No. PCT/NL99/003 13, filed May 20, 1 999, designating the United States of America, the 
contents of both of which are incorporated by this reference. 

TECHNICAL FIELD 

[0002] The invention relates to the field of immunology, more specifically to the field of 
immune-mediated disorders such as allergies, auto-immune disease, transplantation-related disease or 
inflammatory disease. 

BACKGROUND 

[0003] The immune system produces cytokines and other humoral factors to protect the host 
when threatened by inflammatory agents, microbial invasion, or injury. In most cases, this complex 
defense network successfially restores normal homeostasis, but at other times, the immunological 
mediators may actually prove deleterious to the host. Some examples of immune disease and immune 
system-mediated injury have been extensively investigated including anaphylactic shock, auto-immune 
disease, and inmiune complex disorders. 

[0004] Recent advances in humoral and cellular immunology, molecular biology and 
pathology have influenced current thinking about auto-immunity being a component of immune- 
mediated disease. These advances have increased our understanding of the basic aspects of antibody, 
B-cell, and T-cell diversity, the generation of irmate (effected by monoc>tes, macrophages, granulocytes, 
natural killer cells, mast cells, T-cells, complement, acute phase proteins, and such) and adaptive (T- 
and B- cells and antibodies) or cellular and humoral immune responses and their interdependence, the 
mechanisms of self-tolerance induction and the means by which immunological reactivity develops 
against auto-antigenic constitiients. 

[0005] Since 1 900, the central dogma of immunology has been that the immune system does 
not normally react to itself. However, it has recently become apparent that auto-immune responses are 
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not as rare as once thought and that not all auto-immune responses are harmful; some responses play 
adistinctroleinmediatingtheimmuneresponseingeneral.Forexample,certainfoimsofauto.immun^ 

response such as recogmtionofcell surface antigens encodedbythemajorhistocompat^^^^^^ 

(MHO and of anti-idiotypic responses against self idiotypes are important, indeed essential, for the 

diversification and normal fimctioning of the intact immune system. 

[0006] Apparently,anintricatesystemofchecksandbalancesismaintainedbetweenvarious 

subsets of cells {i.e., T-cells) of the immune system, thereby providing the individual with an immune 
system capableofcoping with foreign invaders.tothat sense, auto-immunityplaysaregulatingrolein 

the immune system. 

[0007] However, it is now also recognized that an abnormal auto-immune response is 
sometimes a primary cause of. and at other times a secondary contributor to, many human and animal 
diseases. Types of auto-immune disease frequently overlap, and more than one auto-immune disorder 
tends to occur in the same individual, especially in those with auto-immune endocrinopathies. Auto- 
iinmunesyndromesmaybemediatedwithlymphoidhyperplasia,malignantlymphoc^^ 
proliferation and immunodeficiency disorders such as hypogammaglobulinaemie, selective Ig 
deficiencies and complement component deficiencies. 

[0008] Auto-immune diseases, such as systemic lupus erythematosis, diabetes, rheumatoid 
arthritis, postpartum thyroid dysfimction, auto-immune thrombcytopenia, to name a few, are 
characterizedbyauto-immuneresponses,forexample,directedagainstwidelydistributedsel^^^^^^ 
determinants, ordirected against organ-or tissue- specificantigens.Suchdiseasemayfollowabnormal 
inununeresponsesagdnst only one antigenictarget, or against manyself-antigens-fama^^ 
it is not clear whether auto-immune responses are directed against unmodified self-antigens or self- 
antigens that have been modified or resemble any of the numerous agents such as viruses, bacterial 

antigens and haptenic groups. 

[0009] Thereisasyetnoestablishedunifyingconcepttoexplaintheoriginandpathogenesis 

of the various auto-immune disorders. Studies in experimental animals support the notion that auto- 
immune diseases may result from a wide spectrum of genetic and immunological abnomialities which 
differ from one individual to another and may express themselves early or late inlifedepending on tiie 

presence or absence of many superimposed exogenous (viruses, bacteria) or endogenous (hormones, 
cytokines, abnormal genes) accelerating factors. 



[00101 It is evident that similar checks and balances that keep primary auto-immune disease 
at bay are also compromised in immune mediated disorders, such as allergy (asthma), acute 
inflammatory disease such as sepsis or septic shock, chronic inflammatory disease (i.e, rheumatic 
disease,Sj6grenssyndrome,multiplesclerosis),transplantation-relatedimmun^ 
host.disease,post-transfosionthromboytopenia),andmanyotherswhereintheresponsi^ 

least initially) may not be self-antigens but wherein the immune response to the antigen is in principle 
notwanted and detrimental to theindividual. Sepsis isasyndromeinwWchimmunemediators,^^^ 

by, for example, microbial invasion, injury or through other factors, induce an acute state of 
inflammation which leads to abnormal homeostasis, organ damage and eventually to lethal shock. 
Sepsis refers to a systemic response to serious infection. Patients with sepsis usually manifest fever, 
tachycardia, tachyapnea, leukocytosis, and a localized site of infection. Microbiologic cultures from 
blood or the infection site are frequently, though not invariably, positive. When this syndrome results 
in hypotension or multiple organ system failure ("MOSF'), the condition is called sepsis or septic 
shock, hiitially, micro-organisms proliferate at a nidus of infection. The organisms may invade the 
bloodstream, resulting in positive blood culmres, or might grow locally and release a variety of 
substances into the bloodstream. Such substances, when of pathogenic nature, are grouped into two 
basic categories: endotoxins and exotoxins. Endotoxins typically consist of structural components of 
the micro-organisms, such as teichoic acid antigens from staphylococci or endotoxins from gram- 
negative organisms like LPS). Exotoxins (eg., toxic shock syndrome toxin-1, or staphylococcal 
enterotoxin A, B or C) are synthesized and directly released by the microorganisms. 

[0011] As suggested by their name, both of these types of bacterial toxins have pathogenic 
effects, stimulatingthereleaseofalargenumberofendogenoushost-derivedimmunologicalmedia^^ 
fromplasmaproteinprecursors or ceUs(monocytes/macrophages, endothelial cells, neutrophils 

and others). 

[00121 Itis,infact,generallytheseimmunologicalmediatorswhichcausethetissueandorgan 
damage associated withsepsisorsepticshock.Someoftheseeffectsstemfromdirectmediator-induced 
injury toorgans.However,aportionofshock-associated-organdysfimctionisprobablyduetomediator. 

induced abnormalities in vasculature, resulting in abnormalities of systemic and regional blood flow, 
causing refractory hypotension or MOSF (Bennett et al.). 
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[00131 Thenon-obesediabetic(NOD)mouseisamodelforauto-iinmmedisease,inthiscase 
insulin-dependentdiabetesmellitus(roDM),inwWchitsmainclinicalfeatureisel^^^^^ 
levels (hyperglycemia). The elevated blood glucose level is caused by auto-immune destruction of 
insulin-producing P-cells in the islets of Langerhans of the pancreas (Bach et al. 1991 , Atkinson et al. 
1994). This is accompanied by a massive cellular infiltration surrounding and penetrating the islets 
(insulitis) composed of a heterogeneous mixture of CD4+ and CD8+ T-lymphocytes, B-lymphocytes, 

macrophages and dendritic cells (O'Reilly et al. 1991). 

[00141 TheNODmouserepresentsamodelinwhichauto-immunityagainstbeta-cellsisthe 

primary event in the development of IDDM. Diabetogenesis is mediated through a multifactorial 
interaction between a unique MHC class II gene and multiple, unlinked, genetic loci, as in the human 
disease. Moreover, the NOD mouse demonstrates beautifully the critical interaction between heredity 
and enviromnent, and between primary and secondary auto-immunity. Its clinical manifestation is, for 
example, depending on various external conditions, most importantly on the micro-organism load of 
the environment in which the NOD mouse is housed. 

[00151 As for auto-immunity demonstrable in NOD mice, most antigen-specific antibodies 
and T-cell responses are measured after these antigens were detected as self-antigens in diabetic 
patients. Understanding theroletheseauto-antigensplayinNODmicemayfiirtherallowtodistingmsh 

between pathogenic auto-antigens and auto-immunity that is an epiphenomenon. 

[00161 In general, T-lymphocytes play a pivotal role in initiating the hnmune-mediated 
disease process (Sempe et al. 1991, Miyazaki et al. 1985, Harada et al. 1986, Makino et al. 1986). 
CD4+T-cellscanbeseparatedintoatleasttwomajorsubsets,ThlandTh2.ActivatedThl cells secrete 

IFN^andTNF-a, while Th2cellsproduceIL4,IL-5andIL-10. Thl cells are critically involved in tiie 
generation of effective cellular immunity, whereas Th2 cells are instrumental in die generation of 
humoral and mucosal immunity and allergy, including the activation of eosinophils and mast cells and 
the production of IgE (Abbas et al. 1996). A number of stiidies have now correlated diabetes in mice 
andhumanswithThl phenotype development (Liblau et al. 1995,Katzetal. 1995). Ontheotiierhand, 
Th2 T-cells are shown to be relatively imiocuous. Some have even speculated that Th2 T-cells, in fact, 
may be protective. Katz et al. have shown tiiat the ability of CD4+ T-cells to ti^sfer diabetes to naive 
redpientsresidednotwiththeantigenspecificityrecogmzedbytheTCRperse,butwitiitiiephenot^^^ 

nature of the T-cell response. Strongly polarized Thl T-cells ti-ansferred disease into NOD neonatal 



mice, while Th2 T cells did not, despite being activated and bearing the same TCR as the diabetogenic 
Thl T-cell population. Moreover, upon co-transfer, Th2T-cells could not ameliorate the Thl -induced 
diabetes, even when Th2 cells were co-transferred in 10-fold excess (Pakala et al. 1997). 

[0017] The incidence of sepsis or septic shock has been increasing since the 1930's, and all 
recent evidence suggests that thisrise will continue. Thereasons for tWsincreasingm^^^^ 
mcreased use of invasive devices such as intravascular catheters, widespread use of cytotoxic and 
immunosuppressive drug therapies for cancer and transplantation, increased longevity of patients with 
cancer and diabetes who are prone to develop sepsis, and an increase in infections due to antibiotic 
resistant organisms. Sepsis or septic shock is the most common cause of death in intensive care units, 
and it is the thirteenth most common cause of death in the United States. The precise incidence of the 
disease is notknown because it is not reportable; however,areasonableamiual estimate fortheUnited 

States is 400,000 bouts of sepsis, 200,000 cases of septic shock, and 100,000 deaths from this disease. 

[0018] Variousmicro-organisms,suchasGram-negativeandC3ram-positivebacteria,aswell 
as fungi, can cause sepsis and septic shock. Certain viruses and rickettsiae probably can produce a 
similar syndrome. Compared with Gram-positive organisms, Gram-negative bacteria are somewhat 
more likely to produce sepsis or septic shock. Any site of infection can result in sepsis or septic shock. 
Frequent causes of sepsis are pyelonephritis, pneumonia, peritonitis, cholangitis, cellulitis, or 
meningitis. Many of these infections are nosocomial, occurring in patients hospitalized for other 
medical problems, hi patients with normal host defenses, a site of infection is identified in most 
patients. However, in neutropenic patients, a clinical infection site is found in less than half of septic 
patients, probably because small, clinically inapparent infections in skin or bowel can lead to 
bloodstream invasion in the absence of adequate circulating neutrophils. A need exists to protect 

against sepsis or septic shock in patients running such risks. 

[0019] Recently,considerableefforthasbeendirectedtowardidentifyingsepticpatientsearly 

in their clinical course, when therapies are most likely to be effective. Definitions have incorporated 
manifestations of the systemic response to infection (fever, tachycardia, tachyapnea, and leukocytosis) 
along with evidence of organ system dysfunction (cardiovascular, respiratory, renal, hepatic, central 
nervous system, hematologic, or metabolic abnormalities). The most recent definitions use the temi 
systemicinflammatory response syndrome(SIRS)emphasizingthatsepsisisoneexampleofthebody's 

immunologically-mediated inflammatory responses that canbetriggerednotonlybyinfectiom 



by noninfectious disorders, such as trauma and pancreatitis (for interrelationships among systemic 
inflammatory response (SIRS), sepsis, and infection, see Crit. Care Med. 20:864, 1992; For a review 
of pathogenic sequences of the events in sepsis or septic shock see N Engl J Med 328:1471, 1993). 
[0020] Toxicshocksyndrometoxin(TSST-l)representsthemostclinicallyrelevantexotoxm, 

identified as being the causative agent in over 90% of toxic shock syndrome cases (where toxic shock 
is defined as sepsis or septic shock caused by super-antigenic exotoxins). Super-antigens differ from 
"regular" antigens in that they require no ceUular processmg before being displayed on an MHC 
molecule. Mstead, they bind to a semi-conserved region on the exterior of the TCR and cause false 
'«recognition»ofself-antigensdisplayedonMHCclassn(Perkinsetal.;Huberetal. 1993). THisresults 
in'W'activationofboththeT-cell and APCleadingto proliferation, activationofeffectorfimc^^ 

and cytokine secretion. Due to the super-antigen's polyclonal activation of T-cells, a systemic-wide 
shockresults due to excessiveinflammatoiycytokinerelease. (Ruber etal.l993,Miethkeetal. 199 

[0021] The inflammatory cytokines involved in sepsis are similar. These immunological 
mediators are tumor necrosis factor (TNF), interferon gamma (IFN-gamma), nitric oxide (Nox) and 
interleukinl(II.l),wWch axe massivelyreleasedbymonocytes, macrophages and other leukocytes i^ 

responsetobacterialtoxins(Bemiettetal..Gutierrez-Ramosetal 1997). T^e release ofTNF and other 
endogenous mediators may lead to several pathophysiological reactions in sepsis, such as fever, 
leukopenia, thromboytopenia, hemodynamic changes, disseminated intravascular coagulation, as well 
as leukocyteinfiltrationandinflammationin various organs, aUofwWchmayultimatelyl^^ 

TNF also causes endothelial cells to express adhesion receptors (selectins) and can activate neutrophils 
to express ligandsforthesereceptorswhichhelp neutrophils to adhere withendothelial cell surf^^ 

adherence, margination, and migration into tissue inflammatory foci (Bemiett et al.). Blocking the 
adhesion process with monoclonal antibodies prevents tissue injury and improves survival m certam 
ammal models of sepsis or septic shock (Bennett et al.). 

100221 These findings, both with auto-immune disease, as well as with acute and chronic 
inflammatory disease, underwrite the postulated existence of cells regulating the balance between 
activated Th-sub-populations. Possible disturbances in this balance that are induced by altered 
reactivity of suchregulatoryT-cell populations can cause immune-mediated diseases, which results in 
absenceorover-productionofcertaincriticallyimportantcytokines(0'Garraetal. 1997). These TH- 

sub-populations are potential targets for pharmacological regulation of immune responses. 



[00231 In general, immune-mediated disorders are difficult to treat. Often, broad-acting 
medication is applied, such as treatment with corticosteroids or any other broad acting anti- 
inflammatory agent that in many aspects may be detrimental to a treated individual. 

[00241 Ingeneral,aneedexistsforbetterandmorespecificpossibilitiestoregulatethechecks 

and balances of the immune system and treat immune-mediated disorders. 

DISCLOSURE OF THE INVENTION 
[00251 The invention provides, among other things, an immunoregulator (IR), use of an IR 
inpreparingapharmaceuticdcompositionfortreatingan immune-mediated disorder,apharmaceutic^ 

composition and a method for treating an hmnune-mediated disorder, hmnune mediated disorders as 
describedhereinincludechronicinflammatory disease, such as diabetes typeIorn,rheumaticdiseas^ 

Sjogrens syndrome, multiple sclerosis, transplantation-related immune responses such as graft-versus- 
host-disease, post-transfusion thromboytopenia, chronic transplant rejection, pre-eclampsia, 
atherosclerosis, asthma, allergy and chronicauto-immunedisease, and acute inflammatory 

as (hyper)acute transplant rejection, septic shock and acute auto-immune disease. Auto-immune 
diseases areagroupofdisordersof,ingeneral,unlcnown etiology, himostofthese diseases, production 

of autoreactive antibodies and/or autoreactive T lymphocytes can be found. An auto-immune response 
may also occur as manifestation of viral or bacterial infection and may result in severe tissue damage, 
for example destructive hepatitis because of Hepatitis B virus infection. 

[00261 Auto-immune diseases can be classified as organ specific or non-organ specific 
dependingonwhethertheresponseisprimarilyagainstantigenslocdizedinparticularorg^^ 

wide-spread antigens. The current mainstay of treatment of auto-immune diseases is immune 
suppression and/or, because of tissue impairment, substitution of vital components like hormone 
substitution. However,immunosuppressiveagents,suchassteroidsorcytostaticdrugs,havesignificant 

side effects which limits their application. Now, the use of more specific immunoregulatory drugs is 
provided by the invention in the treatment of auto-immune disease and other inflammations. Based on 
theimmunoregulatorypropertiesasdescribedbelow,e.g.,byregdatingtheThl/Th2ratio,modula^^^^ 

dendritic cell differentiation, the low side-effect profile, the initial clinical observations, etc., it shows 
these preparations tobe very helpfiil in thetreatmentofpatients with immune- mediated inflammation 

such auto-immune disease. 



10027] A non-limiting list of auto-immune diseases includes: Hashimoto's thyroiditis, 
primaiy myxedema thyrotoxicosis, pernicious anaemia, auto-immune atrophic gastritis, Addison's 
disease, premature menopause, insulin-dependent diabetes mellitus, stiff-man syndrome, Goodpasture's 
syndrome, myasthenia gravis, male infertility, pemphigus vulgaris, pemphigoid, sympathetic 
ophthahnia, phacogenic uveitis, multiple sclerosis, auto-immune hemolytic anaemia, idiopathic 
thrombocytopenic purpura, idiopathic leucopenia, primary biliary cirrhosis, active chronic hepatitis, 
cryptogenic cirrhosis, ulcerative colitis, Sjogren's syndrome, rheumatoid arthritis, dermatomyositis, 
polymyositis, scleroderma, mixed connective tissue disease, discoid lupus erythematosis, and systemic 
lupus erythematosis. 

[0028] In one embodiment, the invention provides an immunoregulator capable of down- 
regulating Thl cell levels and/or up regulating Th2 cell levels, or influencing their relative ratio in an 
animal, the immunoregulator obtainable from urine or other sources of bodily products, such as serum, 
whey, placental extracts, cells or tissues. "Obtainable" herein refers to directly or indirectly obtaining 
the IR from the source. IR is, for example, obtained via chemical synthesis or from animal or plant 
sources in nature. 

[0029] In a preferred embodiment, the invention allows regulating relative ratios and/or 
cytokine activity oflymphocyte subset-populations in a diseased animal (e.g., human), preferably where 
these lymphocyte subset-populations comprise Thl or Th2 populations, hi general, naive CD4* helper 
T-lymphocytes (Th) develop into fiinctionally mature effector cells upon stimulation with relevant 
antigenic peptides presented on the major histocompatibility complex (MHC) class IT molecules by 
antigen-presenting cells (APC). Based on the characteristic set of cytokines produced, Th cells are 
commonly segregated into at least two different subpopulations: Thl cells producing exclusively 
interleukin-2 (IL-2), interferon-gamma (IFN-y) and lymphotoxin, while Th2 cells produce IL-4, IL-5, 
IL6,IL10andIL-13. These Thl andTh2 subsets appear to be extremes in cytokine production profiles 
and within these polarized subsets, individual Th cells exhibit differential rather than coordinated 
cytokine gene expression. These subsets develop from common Th precursor cells (Thp) after 
triggering with relevant peptides into ThO cells producing an array of cytokines, including IL-2, IL-4, 
IL-5 and IFN-y. These activated ThO cells subsequently polarize into the Thl or Th2 direction based 
on the cellular and cytokine composition of their microenvironment. Antigen-presenting cells like the 
various subsetsofdendriticcells besides subsetsofmacrophages largely determine thispolarizationinto 



9 



Thl or Th2 subset development. The Thl-Th2 subsets appear to cross-regulate each other's cytokine 
production profiles, mainly through IFN-y and IL-10, and ftom this concept it was rationalized that 
disturbances in thebalancebetweenthesetwosubsetsmayresuh in different clinicdmanifes^^^^^ 

IL-12 is a dominant factor promoting Thl subset polarization and dendritic cells and macrophages 
productionofII.12.Moreover,tt>-12inducesIFN-YproductionbyT-cellsandnatural killer 

Recently, it was reported that IL-18 acts synergistically with IL-12 to induce Thl development. 
PolarizationofTh2cellsiscritically dependent onthepresenceofII.4producedbyT-cellsorbasopM^ 

and mast-cells. APC-derived IL-6 has also been shown to induce small amounts of IL-4 in developing 
Th cells. IL-10 and APC-derived prostaglandin E, (PGE^) inhibit IL-12 production and Thl priming. 

[0030] The Thl-Th2 paradigm has been useful in correlating the fimction of Thl cells with 
cell-mediated immunity (inflammatory responses, delayed type hypersensitivity, and cytotoxicity) and 
Th2 cells with humoral immunity. In general, among infectious diseases, resistance to intracellular 
bacteria, fungi, and protozoa is linked to mounting a successful Thl response. Thl responses can also 
be linked to pathology, like arthritis, colitis and other inflammatory states. Effective protection against 
extracellular pathogens, such as helminths, mostly requires a Th2 response, and enhanced humoral 
immunity mayresultin successful neutralizationofpathogensbytheproductionofspecificantibodies. 

10031] In yet another preferred embodiment, the invention provides an immunoregulator 
capable of modulating dendritic cell differentiation. The selective outgrowth of Thl vs. Th2 type cells 
is dependent on the interaction of precursor Th cells with antigen-presenting cells (APC) carrying the 
relevantpeptide in conjunction with their MHCclassflmolecules. Cytokines releasedbythe AFC and 

present during the initial interaction between dendritic cells and the pertinent T-cell receptor carrying 
T-cells drive the differentiation into Thl vs. Th2 subsets. Recently, two different precursors for DC 
(myeloid vs. lymphoid) have been described in man. Selective development of DCl firom myeloid 
precursors occurs after stimulation with CD40 Ligand or endotoxin and results in high production of 
IL- 1 2 . Lymphoid precursors give rise to DC2 cells after CD40 Ligand stimulation and produced IL- 1 , 
IL-6 and IL-10. These cytokines are of prime importance in driving the development of the activated 
Th cell: IL-4 is required for the outgrowth of Th2 type cells which can be greatly enhanced by the 
presence of IL-10, while selective differentiation to Thl type cells is exclusively dependent on the 
presence of IL-12. Since DCl are characterized by the production ofIL-1 2, they will primarily induce 
outgrowthofThl type cells, whileDC2 produce IL-10andselectivelypromoteTh2 development in the 
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presence of exogenous IL-4. It is shown herein that an IR as provided by the invention is capable of 
regulating or modulating DC activity and differentiation, thereby allowing selective differentiation and 

activity of Thl and/or Th2 cells. 

[00321 hi one embodiment, the invention provides an immunoregulator comprising an active 
component obtainable from amammalian chorionic gonadotropin preparation. The active component 
is capable of stimulating splenocytes obtained from a non-obese diabetic (NOD) mouse, or comprises 
an active component fimctionally related to the active compound. For example, allowing, regulating, 
or modulating DC activity and differentiation, or allowing selective differentiation and activity of Thl 
and/or Th2 cells in the case of chronic inflammation, such as diabetes or chronic transplant rejection 
as shown in the detailed description herein, the stimulated splenocytes are capable of delaying the onset 
of diabetes in an NOD-severe-combined-immunodefident mouse reconstituted Avith the splenocytes. 
The active component is capable of inhibiting gamma-interferon production of splenocytes obtained 
from a non-obese diabetic (NOD) mouse or capable of stimulating interleukin-4 production of 
splenocytes obtained from a non-obese diabetic (NOD) mouse. 

[0033] hi another embodiment, the invention provides an immunoregulator comprising an 
active component obtainable from a mammalian chorionic gonadotropin preparation capable of 
protecting a mouse against a lipopolysaccharide-induced septic shock. For example, allowing, 
regulating, or modulating DC activity and differentiation or allowing selective differentiation and 
activity of Thl and/or Th2 cells, in the case of acute inflammation such as seen with shock or (hyper) 
acute transplantation rejection, is shown in the detailed description herein. The active component is 
capable of reducing ASAT or other relevant plasma enzyme levels after or during organ failure as 

commonly seen with shock. 

[00341 In one embodiment, the unmunoregulator according to the mvention comprises, as 
further detailed in the detailed description, an active component residing in a fraction which elutes with 
an apparent molecular weight of 58 to 1 5 kilodalton as detemined in gel-permeation chromatography, 
where associating, inhibiting or synergistic components are found as well, hi another embodiment, the 
invention provides an immunoregulator, as further detailed in the detailed description, where the active 
component is present in a fraction which elutes with an apparent molecular weight of smaller than 1 5 
kilodalton as determined in gel-permeation chromatography, for example, where the active component 
is present in a fraction which elutes with an apparent molecular weight of < 1 kilodalton as determined 
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in gel-permeation chromatography. Although the immunoregulator according to the invention is easily 
obtained from urine, for example, where the mammalian chorionic gonadotropin preparation is derived 
from urine, other sources, such as serum, cells or tissues comprising gonadoti-opin are appUcable as 
well. From the sources of an immunoregulator according to the invention capable of, for example, 
regulating Thl and/or Th2 cell activity, and/or capable of modulating dendritic cell differentiation, is 
also provided. 

[0035] Preferably, an immunoregulator as provided by tiie invention is obtainable from a 
pregnant mammal, preferably a human, for example, obtainable from a pharmacological preparation 
prepared to contain placental gonadoti:opins such as pregnant mare serum gonadotropin (PMSG) found 
in serum of pregnant mares (IR-S), or pregnant mouse uterus exfract (PMUE) exti-acted from uteri (IR- 
UE) of gravid mice, or human chorionic gonadotropin (hCG or HCG) found in blood or urine of 
pregnant women. An IR as provided by the invention can be associated with or without gonadofropin 
as, for example, is present in the urine during the first trimester of pregnancy (IR-U), and in commercial 
hCG preparations (IR-P) has immune regulatory effects. In particular, IR can inhibit or regulate auto- 
immune and acute- and chronic-inflanraiatory diseases. TNF and IFN-gamma are pathologically 
involved in acute inflammatory disease such as sepsis or septic shock and also in auto-inmiune and 
chronic inflammatory diseases. Since IR has the ability to regulate T-cell sub-populations and inhibit 
TNF and IFN-gamma, IR can be used to ti-eat, suppress or prevent immune mediator disorders such as 
sepsis or septic shock (acute inflanmiatory disease) as well as auto-immune disease or chronic 
inflammatory diseases such as systemic lupus erythematosis, diabetes, rheumatoid arflmtis, post-partum 
thyroid dysfunction, auto-immune thrombcytopenia and others, such as allergies and chronic 
inflammatory disease (i.e., rheumatic disease, Sjogrens syndrome, multiple sclerosis) and 
transplantation-related immune responses. Our results, for example, show that IR inhibits sepsis or 
septic shock caused by endotoxin or by exotoxin. IR, as provided by tiie invention, inhibits or counters 
immune-mediated auto-immune diseases, chronicinflanunatory diseases, as well as acute inflammatory 
diseases. 

[0036] The invention provides a pharmaceutical composition for treating an immune- 
mediated disorder such as an allergy, auto-immune disease, transplantation-related disease or acute or 
chronic inflammatory disease and/or provides an immunoregulator (IR), for example, for stimulating 
or regulating lymphocyte action comprising an active component. The active component is capable of 
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stimulating splenocytes obtained from a 20-week-old female non-obese diabetic (NOD) mouse, the 
stimulated splenocytes delaying the onset of diabetes in an NOD-severe-combined-immunodeficient 
(NOD. scid) mouse reconstituted at 8 weeks old with the splenocytes or comprising an active 
component functionally related thereto. 

[0037] In one embodiment, the invention provides a pharmaceutical composition or 
immunoregulator where the active component is capable of inhibiting gamma-interferon production or 
stimulating interleukin-4 production of splenocytes obtained from a 20-week-old female non-obese 
diabetic (NOD) mouse. Clinical grade preparations of gonadotropins, such as hCG and PMSG, have 
long since been used to help treat reproductive failure in situations where follicular growth or 
stimulation of ovulation is desired. The preparations are generally obtained from serum or urine, and 
often vary in degree of purification and relative activity, depending on initial concentration in serum 
or urine and depending on the various methods of preparation used. 

[0038] In a particular embodiment, the invention provides an immunoregulator comprising 
an active component obtainable from a mammalian CG preparation. The active component is capable 
of stimulating splenocytes obtained from a non-obese diabetic (NOD) mouse, or comprising an active 
component functionally related to the active compound. For example the stimulated splenocytes are 
capable of delaying the onset of diabetes in an NOD-severe-combined-immunodeficient mouse 
reconstituted with the splenocytes. 

[0039] The invention also provides an immunoregulator where the active component is 
capable of inhibiting gamma-interferon production obtained from a non-obese diabetic (NOD) mouse. 
The invention also provides an immunoregulator where the active component is capable of stimulating 
interleukin-4 production of splenocytes obtained from a non-obese diabetic (NOD) mouse. 

[0040] An immunoregulator (IR) as provided by the invention with or without hCG as, for 
example, present in the urine during the first trimester of pregnancy (IR-U) and in commercial hCG 
preparations (IR-P), has inmiime regulatory effects. In particular, IR can inhibit or regulate auto- 
immune and acute- and chronic-inflammatory diseases. TNF and IFN-gamma are pathologically 
involved in acute inflammatory disease such as sepsis or septic shock and also in auto-immune and 
chronic inflammatory diseases. Since IR has the ability to regulate T-cell sub-populations and inhibit 
TNF and IFN-gamma, IR can be used to treat, suppress or prevent immune mediator disorders such as 
sepsis or septic shock (acute inflammatory disease) as well as auto-immune disease or chronic 
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inflaiimiatory diseases such as systemiclupuserythematosis, diabetes, rhem^ 

thyroid dysfunction, auto-immune thrombcytopenia and others, such as allergies and chronic 
inflammatory disease (i.e., rheumatic disease, Sjogrens syndrome, multiple sclerosis) and 
transplantation-related immuneresponses. Our resultsforexampleshowthatIR inhibits s^^^ 

shock caused by endotoxin or by exotoxin. IR, as provided by the invention, inhibits or counters 
immune-mediated auto-immunediseases,chronicinflammatory diseases aswell as acute inflammatory 

diseases. 

[0041] Anecdotal observations and laboratory studies indicated previously that hCG might 
have an anti-Kaposi's sarcoma and anti-human-immunodeficiency-virus effect (Treatment Issues, 
July/August 1995, page 15). It has been observed that hCG preparations have a direct apoptotic 
(cytotoxic) effect on Kaposi's sarcoma (KS) in vitro and in immunodeficient patients and mice and a 
prohematopoietic effect on immunodeficient patients (Lunardi-Iskandar et al.. Nature 375, 64-68; GiU 
et al.. New. Eng. J. Med. 335, 1261-1269, 1996; US Patent 5,677,275), and adirect inhibitory anti-viral 
effect on human and simian immunodeficiency virus (HIV and SIV) (Lunardi-Iskandar et al.. Nature 
Med. 4, 428-434, 1998, US Patent 5,700,781) . The cytotoxic and anti-viral effects have also been 
attributed to an unknown hCG mediated factor (HAF) present in clinical grade preparations of hCG. 
However, commercial hCG preparations (such as CG-10, Steris Profasi, PREGNYL, Choragon, Serono 
Profasi,APL), have various effects. Analysis of several of these (AIDS, 11: 1333-1340, 1997), for 
example, shows that only some (such as CG-10, Steris Profasi) are KS-kiUing whereas others 
(PREGNYL, Choragon, Serono Profasi) were not. Secondly, recombinant subunits of a or p hCG were 
kiUingbut intact recombinanthCHwerenotltwas also found that thekiUingeffectwas also seen with 
lymphocytes. TherapyofKS has recentlybeen directed at usingbeta-hCGforits anti-tumor effect (Eur. 
J. Med Res. 21 : 155-1 58, 1997), audit was reported that the beta-core firagment isolated fix)m urine had 
the highest apoptotic activity on KS cells (AIDS, 1 1 : ,713-721, 1997). 

[0042] Recently, Gallo et. al. reported anti-Kaposi's Sarcoma, anti-HIV, anti-SIV and distinct 
hematopoietic effects of clinical grade crude preparations of human chorionic gonadotropin (hCG) 
(Lunardi-Iskandar et al. 1995, Gill et al. 1996, Lunardi-Iskandar et al. 1998). In contrast to their 
previous studies, it is also claimed that the anti-tumor and anti-viral activity of hCG preparation is not 
due to tiienativehCGheterodimer,includingits purified subunits or its major degradation product, the 

p-core; instead the active moiety resides in an as yet unidentified hCG mediated factor (HAF). 
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Whatever the traefactormay be, these unidentified factors in severalhCGpreparations have an^^ 
activity through the selective induction of apoptosis, besides direct cytotoxic effects on the tumor cells. 
Furthermore, they postulated that the anti-tumor activity could not be due to an inraiune-mediated 
response, since there was no infiltration of the tumor with mononuclear cells. 

[0043] Moreover, the reported pro-hematopoietic effect of clinical grade hCG was noted in 
clinical studies in humans infected with HIV (Lunardi-Iskandar et al. 1998), indicatmg that the 
hematopoietic effect is indirect and caused by rescuing CD4+ cells otherwisekilledby HIV through the 

anti-HIV activity of hCG. 

[0044] The invention provides an immunoregulator or a pharmaceutical composition for 
treating an immune-mediated disorder obtainable from an hCG preparation or a fraction derived thereof. 
The effects of the immunoregulator include a stimulating effect on lymphocyte populations (such as 
found in peripheral lymphocytes, thymocytes or splenocytes), instead of cytotoxic or anti-viral effects. 
The invention provides a metiiod for treating an immune-mediated-disorder comprising subjecting an 
animal to treatment with at least one immunoregulator obtainable from a pregnant mammal. The 
treatment can be direct, for example treatment can comprise providing the individual with a 
pharmaceutical composition, such as an hCG or PMSG preparation, comprismg an immunoregulator 
as provided by the invention. It is also possible to provide the pharmaceutical composition with a 
fiaction or Auctions derived from a pregnant animal by, for example, sampling urine, serum, placental 
(be it of maternal or foetal origin) or other tissue or cells and preparing the immunoregulator comprising 
the active component from the urine, serum, tissue, or cells by fractionation techniques known in the 
art (for example, by gel permeation chromatography) and testing for its active component by stimulating 
an NOD mouse or its splenocytes as described, hi particular, the preparation or component is preferably 
derived from a pregnant animal since an embryo has to survive a potentially fatal immunological 
conflict with its mother: developing as an essentially foreign tissue within the womb without triggering 
a hostile immune attack. So, to prevent this rejection "allograft" the immunological interaction between 
mother and fetus has to be suppressed, either, for instance, through lack of fetal-antigen presentation 
to maternal lymphocytes, or through fimctional "suppression" of the maternal lymphocytes. If fetal 
antigens are presented, maternal immune responses would be biased to the less damaging, antibody- 
mediated T helper 2 (Th2)-type. This would suggest that pregnant women are susceptible to 
overwhehning infection, which is not the case. Female individuals during pregnancy maintain or even 
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increase their resistance to infection. Moreover, while the individuals normally are more susceptible to 
immune diseases than male individuals, especially auto-immune diseases, during pregnancy they are 
more resistant to these diseases. 

(00451 The invention also provides a method for in vitro stimulation of lymphocytes and 
transferring the stimulated lymphocytes as a pharmaceutical composition to an animal for treating the 
animal for an immune-mediated disorder, hi a particular embodiment of the invention, a 
pharmaceutical composition is provided comprising lymphocytes stimulated in vitro with an 
immimoregulator provided by the invention. 

[0046] hi apreferred embodiment of the invention, the disorder comprises diabetes, yet other 
immune mediated disorders, such as acute and chronic inflammation, can also be treated, hi yet another 
preferred embodiment, the disorder comprises sepsis or septic shock. The invention provides a method 
of treatment for an animal, preferably where the animal is human. 

[0047] hi a particular embodiment, a method provided by the invention further comprises 
regulating relative ratios and/or cytokine activity or cytokine expression or marker expression of 
lymphocyte subset-populations in the animal, such as subset-populations that comprise Thl or Th2 
cells, or Th3 or Th8 cells, or other effector or regulatory T-cell populations. 

[0048] The invention also provides an immunoregulator for use in a method according to the 
invention, and use of the immunoregulator, preferably obtainable fiwm a pregnant mammal, for the 
production of a pharmaceutical composition for the treatment of an immune-mediated-disorder, 
preferably selected from a group consisting of allergies, auto-immune disease (such as systemic lupus 
erythematosis or rheumatoid arthritis), transplantation-related disease and acute (such as septic or 
anaphylacticshock or acute or hyper-acute transplant rejection)andchronicinflammatorydisease(such 

as atheroscleiose, diabetes, multiple sclerosis or chronic transplant rejection). Furthermore, the 
invention provides a use according to the invention where the immune-mediated disorder comprises 
allergy, such as asthma or parasitic disease, or use according to the invention wherein said immune- 
mediated disorder comprises an overiy strong immune response directed against an infectious agent, 
such as a virus or bacterium. Often, in most of these diseases, production of autoreactive antibodies 
and/or autoreactive T-lymphocytes can be found mounting or being part of a too strong immune 
response. This is, for example, seen with parasitic disease, where IgE production is overly strong or 
which disease is Th2 dependent, and detrimental for the organism, but also with myco bacterial 
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infections such as TBC or leprosy. An auto-immune response may also occur as manifestation of viral 
or bacterial infection and may result in severe tissue damage, for example, destructive hepatitis because 
of Hepatitis B virus infection, or as seen with lymphocytic choriomeningitis virus (LCMV) infections. 
The overly strong immune response is kept at bay with an immunoregulator as provided by the 
invention. Yet another use as provided by the invention relates to treatment of vascular disease, 
whereby radical damage (damage caused by radicals) to cells and tissue is prevented or repaired by 
treatment witii IR according to the invention and whereby JR also acts as an anti-oxidant directly or 
indirectly. For example, a determining event in the pathogenesis of diabetes I is the destruction of 
insulin-producing pancreatic beta cells. There is strong evidence that the progressive reduction of the 
beta-cell mass is the result of a chronic auto-immune reaction. During this process, islet-infiltrating 
immune cells, islet capillary endothehal cells and the beta cell itself are able to release cytotoxic 
mediators. Cytokines and, in particular, nitric oxide (NO), are potent beta-cell toxic effector molecules. 
The reactive radical NO mediates its deleterious effect mainly through the induction of widespread 
DNA strand breaks and other radicals, such as oxygen, through their effects on lymphocyte sub- 
populations such as Thl and Th2 cells. This initial damage triggers a chain of events terminating in the 
death of the beta cell and disarray of the immune response. 

[0049] Furthermore, an immunoregulator according to the invention is capable of regulating 
radical induced or directed cell-cell interactions or cell responses, specifically those interactions or 
responses of an immunological nature, e.g., related to regulating interactions of the innate or adaptive 
immune system. Not wishing to be boxmd by theory, there are two arms of the immune system: the 
innate (nonspecific) and adaptive (specific) systems, both of which have cellular and humoral 
components. Examples of cellular components of the innate immune system are monocytes, 
macrophages, granulocytes, NK cells, mast-cells, gd T-cell etc., while, examples of humoral 
components are lysozyme, complement, acute phase proteins and mannose-binding lectin (MBL). The 
major cellular components of tfie adaptive immune system are T- and B-cells, while examples of 
humoral components are antibodies. The adaptive system has been studied most because of its 
specificity, effectiveness at eliminating infection and exclusive presence in higher multicellular 
organisms. The innate system is often considered primitive and thought to be "unsophisticated." 
However, the innate system not only persists but could also play a critical role in one of the most 
fimdamental immune challenges - viviparity. The innate system instigates an immune response by 
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processing and presenting antigen in association with major histocompatibility complex (MHC) class 
I and II molecules to lymphocytes. Full response often requires adjuvant (such as endotoxin) which, 
through interaction with the innate immune system, produce co-stimulatory surface molecules or 
cytokines. This determines the biological significance of antigens and communicates this information 
to the adaptive system, so it instructs the adaptive system to either respond or not. These two great arms 
of the immune system not only influence each other but also regulate each other, at least at the cellular 
level, through, for example, cytokines and co-stimulatorv molecules, etc. 

[0050] There are many physiological conditions and immime pathologies where these two 
systems are involved separately or in combination. For example, it has been shown that in pregnancy 
the maternal innate immune sj^tem is more stimulated. It has also been proposed that type II diabetes 
mellitus is a disease of a chronic hyperactive innate immune system. Another example is the 
involvement of the innate immune system in listeriosis. Dysregulation in the adaptive immune system 
may also lead to immune diseases like systemic or organ-specific auto-immunity, allergy, asthma, etc., 
but it can also play a role in the maintenance of pregnancy and in the prevention of "allograft" rejection. 

[0051] As mentioned above, the adaptive system has been studied most because of its 
specificity, effectiveness at eliminating infection, and exclusive presence in higher multicellular 
organisms. Its regulation has also been studied most. For example, it is well known that the cytokine 
micro-environment plays a key role in T helper cell differentiation toward the Thlor Th2 cell type 
during immune responses. IL- 12 induces Thl differentiation, whereas IL-4 drives Th2 differentiation. 
Recently, it has also been shown that subsets of dendritic cells (DCl , DC2) provide different cytokine 
micro-environments that determine the differentiation of either Thl or Th2 cells. In addition, negative 
feedback loops from mature T helper cell responses also regulate the survival of the appropriate 
dendritic cell subset and thereby selectively inhibit prolonged Thl or Th2 responses. Moreover, 
development of Thl responses can be antagonized directly by IL-4 and indirectly by IL-10, which 
inhibits the production of IL-12 and interferon-g-inducing factor (IGIF) by macrophages stimulated by 
the innate immune response. Th2 cells dependent on IL-4 to proliferate and differentiate have been 
implicated in allergic and atopic manifestations, and in addition through their production of IL-4 and 
IL-10, have been suggested to play a role in tolerance. Specifically, it has been suggested that Thl to 
Th2 switch may prevent the development of organ-specific auto-immune pathologies and required for 
the maintenance of pregnancy. Recently, it has become clear that distinct subsets of regulatory T-cells 
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are responsible for regulating both Thl and Th2 responses and prevent the development of inunune 
pathologies. One of the common features of many of these regulatory T-cells is that their function is, 
at least in part, due to the action of TGF-beta; this would be in keeping with the ability of TGF-beta to 
inhibit both Thl and Th2 development while IL-10 could preferentially inhibit Thl alone. 

[00521 The selective outgrowth of Thl vs. Th2 type cells is dependent on the interaction of 
precursorThcellswithantigen-presentingcells(APC)cairyingtherelevantp^^^^ 
their MHC class n molecules. Cytokines releasedby the APC andpresent during the initial interaction 
between dendritic cells and the pertinent T-cell receptor carrying T-cells drive the differentiation into 
Thl vs. Th2 subsets. Recently, two different precursors for DC (myeloid vs. lymphoid) have been 
describedinman. Selective development of DC 1 from myeloid precursors occurs after stimulation with 
CD40 Ligand or endotoxin, and results in high production of IL-12. Lymphoid precursors give rise to 
DC2 cells after CD40 Ligand stimulation and produce IL-1, TL.6 and IL-10. These cytokines are of 
pruneimportanceindrivingthedevelopmentoftheactivatedThcell:IL-4isrequiredforth^ 
ofTh2typecellswhichcanbegreatlyenhancedbythepresenceofIL-10,wWleselectivedifferenti^^^^ 
to Thl type cells is exclusivelydependent on thepresenceofIL-12. Since DCl are characterized by the 
production of IL-12, they will primarily induce outgrowth of Thl type cells, while DC2 produce IL-10 
and selectively promote Th2 development in the presence of exogenous IL-4. 

[0053] In a particular embodiment, the immunoregulator comprises a clinical grade hCG or 
PMSG preparation or a fraction derived thereof For example, the invention provides use of an hCG 
preparation, or a preparation functionally equivalent thereto, for the preparation of a pharmaceutical 
compositionforthetreatmentofdiabetes. Inyet another example, theinventionprovidesuseofanhCG 

preparation, or a preparation fimctionally equivalent thereto, for the preparation of a pharmaceutical 
composition for the treatment or prevention of sepsis or septic shock. For example, the invention 
providesauseaccordingtotheinventionwherethefreatmentcomprisesregdatingrelativeratiosm 

cytokine activity of lymphocyte subset-populations, for example Thl and/or Th2 cells in a treated 

individual. 

[00541 The invention fiirthermore provides a method for selecting an immunoregulator 
comprisingdetermimngtherapeuticeffectofacandidateimmunoregulatorfraction.Bywayofex^^^ 

such a method is given wherein by subjecting an animal prone to show signs of diabetes, such as an 
NOD mouse usefiil as an experimental model, to a urine fraction or fraction derived thereof, and 
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subsequently determining the development of diabetes in the animal, one such an inununoregulator 
fraction or active component therein is selected or identified. In yet another embodiment, the invention 
provides a method for selecting an inununoregulator comprising determining therapeutic effect of an 
immunoregulator by subjecting an animal prone to show signs of septic shock, such as a mouse 
experiencing an effect of LPS or other toxin, to a urine fraction or fraction derived thereof determining 
the development of septic shock in the animal. A method according to the invention is preferred 
wherein thetherapeuticefifectisfiirfhermeasuredby determining relativeratiosand/orcytokineac^^ 

of lymphocyte subset-populations in the animal, or wherein the therapeutic effect is further measured 
by determining enzyme levels in the animal, or by measuring other clinical parameters known in the art, 
as shown in the detailed description herein. 

[00551 Not wishing to be bound by theory, our results show that IR as provided by the 
invention is able to regulate the Thl mi2 balance in vivo (BALB/c, NOD) and in vitro. In dominant Thl 
phenotype models like NOD, IR (like IR-P and its fractions, amongst others, down-regulates the IFN- 
gammaproduction(mvjvo//nvi>o)and promote the IL-lOandTGF-betaproduction, in contrast 
production, which indicates the induction of regulatory cells like Th3 and Tri by IR. These regulatory 
cells may play a role in the therapeutic effects of IR in immune and inflammatory diseases and immune 
tolerance. We have also shown that IR and its fractions are able to inhibit the production of IFN-gamma 
in vitro and in vivo except for the fraction IR-P3 and rhCG that separately show no to moderate 
inhibition of the IFN-gamma production. The combination of IR-P3 and rhCG gives a sfronger 
inhibition of the IFN-gamma. This implies the need of IR-P3 for rhCG for its at least its IFN-gamma 
inhibition in these models. This implies also to the anti-CD3 stimulated spleen cells obtained from in 
vivo treated NOD mice and also to polarization of T-helper cells to Th2 phenotype. 

[00561 Moreover, IR-P, its fractions (IR-Pl , IR-P2, IR-P3) and IR-P3 in combination with 
rhCG are all able to inhibit the class switch of B-cells to IgG2a, whUe IR-P2 and rhCG give nothing to 
moderate inhibition. Our results on IFN-gamma production and proliferation showed tiiat IR-P3 alone 
+did not have the maximum effect as compared to IR-P, whereas, for IgG2a inhibition, we see that IR- 
P3 does not need rhCG to give the maximum results. However, the increase in production of IL-10 
under die influence of IR-P3 is less than for IR-Pl . This suggests that for maximum production of IL- 
10, hCG, abreakdown product thereof, or ayet unknown sub-firaction of IR-Pl in combination witti IR- 
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P3, is needed. Because IR-P3 alone is already able to promote IL-10 production, it does not need any 
other fraction or component to inhibit the production of IgG2a. 

[0057] We have also shown that IR as provided by the invention is able to inhibit the DFN- 
gamma production and the promotion of IL-10, TGF-beta, IL-4 and IL-6 in the BALB/c animal model 
(in vitro as well as ex vivo). So it is clear that at least these cytokines are involved in the regulation of 
immune responses by IR and in the induction of regulatory cells. Remarkably, IR promotes the 
proliferation of anti-CD3 stimulated spleen cells (ex vivo) in BALB/c mice in contrast to NOD. This 
might reflect the difference in NOD which is an auto-immune disease model and BALB/c which is an 
animal model without distmct immunopathology. hi both animal models (NOD/BALB/c) IR promotes 
LPS stimulated proliferation of spleens (in vitro and ex vivo). 

[00581 Our DC experiments with NOD and BALB/c mice show that IR does not just regulate 
T-cell responses, but can also regulate DC maturation and function. DC that fimctions as professional 
antigen processing cells (APC) can play an important role in inmiune tolerance. Treatment of C57B/6 
DC with IR in allo-MLR is able to down-regulate T-cell proliferation. This shows that IR can also 
facilitate the induction of a state of tolerance. On the basis of these data we performed MHC and non- 
MHC incompatible skin (C57BL/6) transplantation to recipients (BALB/c) treated with IR. Our data 
showed that in the control group the allograft (skin) was completely rejected within 1 5 days, while the 
skin graft of recipient mice treated with IR three times was rejected after 21 days. Accordingly, IR is 
able to delay graft rejection. IR, as provided by the invention, is able to inhibit the inraiunopathology 
in numerous animal models for immune diseases. IR inhibits the immunopathology and clinical 
symptoms in the NOD model (for diabetes), and the EAE model (for MS), inhibits allograft rejection, 
and delays SZT-induced diabetes. Our data also shows that IR has effects on different cell populations. 
IR affects T-cells and thereby regulates Thl/Th2 balance and induce regulatory cells that in turn not 
only just regulate T-cells but also have effects on the APC compartment. In addition, IR can regulate 
the APC compartment directly and can influence the innate and adaptive inraiune responses. By doing 
so, IR not only can influence diseases caused by disbalance of the adaptive immune system, but can also 
influence the diseases due ti the disbalance of the innate immune system or of both systems. For 
example, the role of cytokines and the innate immune system in the etiology of Type U diabetes is likely 
important. Recently it is has been suggested that unknown factors, like age and ovemutrition, in 
genetically or otherwise predisposed subjects, cause increased secretion of cytokines from cells such 
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as macrophages and further cytokine secretion from atherosclerotic plaques. The acute-phase response 
inducedby cytokines includesacharacteristicdyslipdemia(raisedVLDLtriglycerideandlowered HDL 

cholesterol) and other risk factors for atherosclerosis, such as fibrinogen. Cytokines also act on the 
pancreatic beta cell (contributing to impaired insulin secretion), on adipose tissue (stimulating leptin 
release) and on the brain, stimulating corticotropin-releasing hormone, ACTH and thus Cortisol 
secretion. The latter may contribute to central obesity, hypertension and insuUn resistance. Afiirther 
cause of insulin resistance is the cytokine TNF-alpha, which inhibits the tyrosine kinase activity of the 
insulin receptor. Type H diabetic patients without microvascular or macrovascular complications have 
ahigh acute-phase response but tissue compHcations further increase stress reactants in Type H diabetes. 
In non-diabetic subjects with atherosclerosis, a "hematological stress syndrome" has been recognized 
for many years, consisting of high acute-phase reactants such as fibrinogen, increased blood viscosity 
and increased platelet number and activity. Cytokines produced by endothelium, smooth muscle cells 
and macrophages of the atherosclerotic plaque could contribute to this acute-phase response seen in 
atherosclerosis. Apart from the acute-phase proteins which are established or putative risk factors for 
cardiovascular disease such as fibrinogen, serum amyloid A, PAI-1, Lp(a) lipoprotein and VLDL 
triglyceride, pro-inflammatory cytokines produced at the sites of diabetic complications or by the 
diabeticprocess itself may also exacerbate atherosclerosisbyactingon the endothelium, smoothmuscle 

cells and macrophages. Thus, there is likely positive feedback involving cytokines and atherosclerosis, 
perhaps accounting for the acceleration of arterial disease in diabetes. The plaque produces cytokines, 
which further exacerbate the process of atherosclerosis locally but also cause an increase in circulating 
acute-phase proteins, many of which are themselves risk factors for atherosclerosis. 

[0059] In summary, cytokines and the innate immune system play a central role in the 
pathophysiology of Type H diabetes and atherosclerosis. Since IR has the ability to regulate such a 
response, it is also beneficial to type H diabetes and atherosclerosis and its complications. In addition, 
IR can delay the induction of disease such as diabetes in the HD-STZ model where reactive oxygen 
species (ROS) play an important role, so IR can also act as an anti-oxidant directly or indirectly. Also 
for that reason, it is beneficial in the treatment and prevention of diabetes and related diseases. 
Furthermore, the invention provides an immunoregulator selected by a method according to the 
invention, a pharmaceutical composition comprising such a selected immunoregulator, and the use of 
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it for the preparation of a pharmaceutical composition for the treatment of an immune-mediated 
disorder. 

[0060] Fractions containing bioactive IR are purified to homogeneity by liquid 
chromatography. The direct analysis by mass spectrometry combined with database screening, using 
MALDI-TOF (matrix assisted laser mass desorption/ionization-time of flight), permits the 
characterization of IR or fractions thereof in multimolecular complexes. Nuclear magnetic resonance 
spectroscopy provides information on the types of bonding to the hydrogen atoms in the IR and the 
molecular structure of the IR. Infrared and near-ultraviolet spectroscopy aids in structural determination 
of the IR. MALDI-TOF and NMR analysis complements separation, if needed, and subsequent 
sequencing and synthesis of the bioactive IR. Chemical mutagenesis is employed to mutate the 
chemical composition of IR, permitting fine mapping of the interaction site with the receptor/acceptor 
by performing qualitative and quantitative binding analysis in appropriate detection systems like a 
biosensor system. 

[0061] Derivatives of IR by chemical and genetic modification are again tested for bioactivity 
in the above methods or assays demonstrating activity of IR or IR containing mixtures. Furthermore, 
the present invention provides verification of the presence of a receptor of IR. Various fractions of 
pregnancy urine, commercial hCG preparations or fragments thereof, and recombinant hCG or 
fragments thereof are spiked with knoAvn amounts of IR. The mixtures are analyzed by gel permeation 
chromatography and compared to the mentioned samples without spiked IR and free IR. Shifts in IR 
peak(s) to higher molecular weight fractions indicates the presence of a receptor/acceptor. Analyzing 
the fractions for IR activity (after IR has been displaced from the receptor/acceptor) validates this 
elution profile containing the shifted IR peaks. From the fraction containing the shifted IR activity, the 
receptor/acceptor is purified by liquid chromatography and vahdated for IR fimction by displacement. 
The IR is, in addition, iodinated and spiked to fi:actions of first trimester pregnancy urine, commercial 
hCG preparations or Augments thereof, and recombinant hCG or firagments thereof and the mixtures 
are evaluated in appropriate detection systems like SDS-P AGE (sodium dodecyl sulfate-polyacrylamide 
gel electrophoresis) under reducing and nonreducing conditions. Blots of such gels are analyzed by 
systems like quantitative phosphorimaging analysis using STORM technology. IR is immobilized, to 
e.g., AFFIGEL by the use of a chemical linker or carrier protein permitting the isolation of binding 
moieties by means of affinity chromatography. Subsequent elution provides purified receptor/acceptor 
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molecules. The receptor/acceptor isolated from extracellular and intracellular sources in soluble or in 
membrane-bound form are immobilized to an activated biosensor surface. The IR in various 
concentrations will then probe this sensor surface and from the resulting binding profiles, the 
association rate and dissociation rate constants are determined and the affinity constant is calculated. 
By probing with different mixtures of IR and receptors/acceptors, epitope mapping is evaluated to 
obtain information on the nature of binding epitope. IR is labeled (e.g., fluorescent and radioactively) 
to permit detection of IR receptors in membrane-bound form to assess cellular expression and tissue 
distribution under non-diseased states and during the various immune and related disorders pertinent 
to the activity of JR. Using labeled IR and having available purified receptor, monoclonal antibodies 
and other specific reagents are generated allowing the design of a quantitative immuno-assay for the 
measurement of soluble IR receptors. Recombinant DNA technology is used to generate IR producing 
prokaryotic and eukaryotic expression systems. Site-directed mutagenesis is used to produce IR variants 
with altered binding profiles permitting the fine identification of the interaction site with the 
receptor/acceptor. Upon the cloning of the gene, transgenic mice with constitutive and inducible 
expression of the IR, as well as IR gene-deficient mice, are generated permitting the entry into the field 
of biotechnology and gene therapy. 

[0062] Purified IR is used to produce monoclonal antibodies and/or other specific reagents, 
thereby facilitating the design of an IR-specific quantitative immuno-assay. Also, single chain 
fragments are isolated by using the phage display technology with the use of a phage library containing 
a repertoire comprising a vast number of different specificities. 

[0063] The invention is fiirther explained in the detailed description without limiting the 
invention thereto. 

BRIEF DESCRIPTION OF THE FIGURES 
[0064] FIG. 1. Shows that 15-weeks-old NOD mice treated with PBS for 4 weeks, become 
diabetic (>1 3.75 mmol/1) at the age of 1 7 weeks and within a week they had blood glucose levels above 
30 mmol/1, while NOD mice treated with 300 PREGNYL remained non-diabetic until they were killed 
(at the age of 28-weeks) even though the treatment was stopped at age 19 weeks. There blood glucose 
level remained lower than 8 mmol/1. 
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[00651 FIG. 2. shows that reconstituted NOD.scid mice receiving spleen cells from PBS 
treated NOD mice (Fig.3) became diabetic after 22 days of transferring, while reconstituted NOD.scid 
mice with 600 lUPREGNYLtreatedNODremainednon-diabeticuntil they were killed(8 weeks after 

transferring). 

[0066] FIG. 3. Shows that 15-weeks-old NOD mice treated with PBS for 4 weeks, become 
diabetic(>13.75mmom)at the ageofnweeks and withinaweektheyhadbloodglucoselevels above 

30 mmol/1, while NOD mice treated with 600 lU PREGNYL remained non-diabetic until they were 
killed along with PBS group (at the age of 21-weeks). IS-week-old NOD mice treated with 300 lU 
PREGNYL remained non-diabetic until they were killed (at the age of 28-weeks) even though the 
treatment was stopped at age 19 weeks. There, blood glucose levels remained lower than 8 mmolA. 

[0067] FIG. 4. Spleen cells from 20-week-old female NOD were isolated and were cultured 
for 48hrs with different conditions (V only medium, 'V with anti.CD3,50, 100. 300, 600, 800 RJ/ml 
PREGNYL, Fl-2, F3-5, rh-hCG, rh-alpha-hCG, rh-beta-hCG [each at 200Mg/ml]) in the presence of 
anti.CD3 and IL-2. After 48hrs INF-( cytokine ELISA were done. Results show that there is dose- 
dependent inhibition of INE.( with PREGNYL (50-600 lU/ml) and fraction 3-5 (F3-5) containing no 
hCG. There is an increase in INF-g with 800 lU/ml PREGNYL which suggests the effect of hCG itself. 
No effects on INE-gwere seen with fractionl-2(Fl-2)containinghCG, human recombinm^^^^^^ 

rh-alpha-hCG. Slight decrease in INF-g level is seen with rh-beta-hCG. 

[0068] FIG. 5. Spleen cells from 20-week.old female NOD were isolated and were cultured 
for 48hrs with different conditions ('-' only medium, with anti-CD3,50, 100, 300, 600, 800 lU/ml 
PREGNYL, Fl-2, F3-5, rh-hCG, rh-alpha-hCG, rh-beta-hCG [each at 200/.g/ml]) in the presence of 
anti-CD3 aid IL.2. After 48hrs TL-4 cytokine ELISA was done. Results show that there is a dose- 
dependent increase of IL-4 with PREGNYL (50-600 lU/ml) and fraction 3-5 (E3-5) containing no h 

There is a decrease in IL-4 with 800 RJ/ml PREGNYL which suggests the effect of hCG itself No 
effects on IL-4 were seen with fraction 1-2 (Fl-2) containing hCG, human recombinant(rh) hCG, rh- 

alpha-hCG and rh-beta-hCG. 

[00691 FIG. 6. CD4 T-cells from spleen of 20-week-old female NOD were islolated and were 
cultured for48hrswithdifferentconditions('-'onlymedium,'+'withantiCD3,50,100,300, 600,8 
IU/mlPREGNYL,F1.2,F3.5,rh-hCG,ih-alpha-hCG,rh-beta.hCG[eachat200/.g/ml])inthepresence 
ofanti-CD3,IL-2andanti-CD28.After48hrsINF-YcytokineELISAweredone. Results showthat there 
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is dose-dependent inhibition of INF-r wift PREGNYL (50-300 lU/ml) and ftaetion 3-5 (F3-5) 
oonttiningnohCG.TTK.reisanincreaseinINF.rwiU.600- 800 rUtalPREQNYLwhiehsugges.sU.e 

effect of hCG itself. No effects on INF-g were seen with faction 1-2 (F1.2) containing hCQ. human 
recombinantCrh) hCQ. rh-alpha-hCG. SUght decrease in INF-T level is seen vrith rh-beta-hCG. 

[00701 nG.7showsfl.etransferexperimentof20.weekoldfemalespleeneellstreatedmth 

PBS 600 lU PREGNYL, faction l-2(Fl-2), Fraction 3.5(F3-5) or human recombinant beta-hCG (b- 
hCG) for 48hrs and then fansfeaed into 8-week old NOD.scid (n=3). After 22 days of fansfer. the 
NODscidmic.reoeivingPBS.rea.edNODspleenswerediabetic.NOD.scidmicereceivingFl.2and 

b-hCG were diabetic after 4 and 5 weeks, respectively, wUle NOD.scid mice receiving 600 lU 
PREGNYL andF3.5remainednon-diabe«cabont6weeks and Uien all micewere killed. Itshowsfl^t 

fl,emaximuman«diabeticeffectresidesi„PREGNYLandF3-5.SinceFl-2whichcontainmostlyhCG 
have no effect on the incidence of diab«es in these mice, it is clear that antidiabetic effect does not 
reside in hCG itself. There is a slight anti-diabetic affect in recombinant human beta-hCG. 

(00711 FIGS. 8-1 1 fa order tt. tes. whcher PREGNYL also has an effeC onTW We mice, 
we tr^ted BALB/c mice (n=5) witt. 300 lU PREGNYL i.p. for four days and with PBS (n.5). After 
isolating CD4* ceUs ftom spleens, we stimulated them wifl. anti.CD3/lL-2 for 48 hours and the 
supematants were collected for tite determination of IFN^ (FIG. 8) and 1^4 (FIG. 9) cytokines. We 
also treated CD4* cells with different doses of PREGNYL. Subsequentty, tt>e supematants were 
collected for INF-g ELISA (FIG. 10) analyzes. FIG. 8 shows the ,n treatinent with 300 TU 
PREGNYL suppresses INF-gandontite other hand increases lL-4 production. This implies that there 

is more shift towarfs T1.-2 phenotype. The same cells tieated again ,„ vi«-o with ditferent doses of 
PREGNYLshow(nG.10)aninc.easeinINF-ga«ldecreaseinIL-4(FIQ.ll)which suggest fte shift 

,owarisTh-lph«>otype.TlnsaUimpUestiM.PREGNYLandF3.5haveanafrectonregulatoryT-cell 
subset (Th3, Trl). 
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[0072] FIG. 12 

column 

SUPERDEX 75 HR 10/30; FPLC system (Pharmacia) total volume V. 25 ml; void volume Vo-8.7ml ; 
flow rate: 

1 ml/min- buffer: lOmM phosphate-buffered saline, pH 7.3; at room temperature column 
efficieacy=38,000 N/m selectivity K,v = 1 .737 - 0.2782 log (t^ = 0.982), MW= molecule 

separation range: 3,000 - 100,000 Dalton for globular proteins 

running method METHOD NO. 4 

0.0 CONC%B 0.0 

0.0 ML/MIN 0.20 

0.0 CM/ML 0.20 

0.5 ML/MIN 0.50 

0.5 CM/ML 0.50 

0.8 ML/MIN 1.00 

2.0 CLEAR DATA 

2.0 ALARM 0.1 

2.0 HOLD 

2.0 VALVE.P0S1.2 



2.0 MONITOR 1 

2.0 LEVEL % 5.0 

2.0 ML/MARK 2.0 

2.0 INTEGRATE 1 

4.0 VALVE.POS 1.1 

6.0 PORT.SET 6.0 

30.0 INTEGRATE 0 

45.0 CONO%B 0.0 
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;Z ^NYL (Orga^on. Oss. NL. .ot no. : .68558. exp.date-.28.. . .99) san,p.. vo.»me 
= 0.5 m. = 2,000 units; sensitivity 0.1 AUFS 

[0075] ^Viromatogram 

(00761 Peak . factions .-2: Ve- .4.7 - 15.. rtKAV=0.37-0.39 
I0077I Peak 2 - factions 3-5: Ve = 15.38 - 17.99 ml; 
[00781 K.v = 0.41 -0.57 

100791 K„-(V,-VJ/(V,-V.) ,5, after start of the separation. Tins 

100801 Peak lelvrtes at avolumebe^»een 14.7- 15.1 m. after start P 

c„rrespndstoan,o.ecu.arn.assbet™ee«70,0(«-80,000Oal.on.™sl^ion^^^^^^^^^^^ 
.i„,en'forn,ofhCG(Text.ook„fEnaoo,i«ePh«Seconaedit,„n, E.C^A 

(Ed.) oxford university Press. Oxford. .992. pp..99). Peak 2 e.ute, a. a votoe between 15.38 and 
,7 99ni«>.respondingtoavo.»mebet«een.500 - 58,000Dalton. 

,«,8,, ™sfac.ioneontai„spart.yP-subu„it,MW.22,200Da.ton).breakd„,vnp™^^^ 

HCOal<*L.asyet.unknownn,olee„.es.™eseca.cu.ationswerebased„ntbe— ^ 

shock l)isabigh-doseend„.oxinn,«.e..B)isal„w-d„see„do.oxin.node..C,isanexo^^ 
™ .«EB b,bi^and.„w-doseendo.„xinn,„dels(a.b.)thesyste™icef.^ofe„^^^^ 

Z*liLbyLopba,eswhi.einex«t„xinn.ode.(c)thesyst«nioefftcts 

IS largely mediateoDymdi^iup & fXMF TFN andlCE (IL-1 alpha and 

(TSST4/SEB)ismediatedbyT.ceUs.InbothcasesproducUonofTNF,IFN 

beta) play important role in the pathogenesis of septic shock. 

Detaj piay up • . ^ ^ w ,.,rer an*ie-"« ^SST-l can be seen as a 
roo831 FIG 14. T-cell activation induced by ^dper-«nvig«.. - 

^ • ^;fi/.vv^«»ta family are all activated through 

polyclonalT-cellactivationinthatT-cellsexpressingaspecificV-betafanulyare 

non-antigen-specific binding of the TCRMHCH/ and superantigen. 

100841 FIG IS.AnFPLCchromatogramofSOMlofundilutedlR-Usaniple. 

100851 FIG. 16. AnFPLC chromato^am of 500 ,X of undiluted IR-P sample. 
100861 FIG. 17. Further separation of firactions 2 and 3 firom FIG. 15. 

, * ^^f^nnl 7-mercaotoethanol treated IR-U sample. 
f00871 FIG. 18. An FPLC chromatogram of 50 pi 2-mercapio em 

, * «, «f «;nn ,A 2.mercai)to ethanol treated IR-P sample. 
[00881 FIG. 19. AnFPLCchromatogramofSOGMl 2-mercapio em 
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[0089] FIG.20.AblackandwWtedifferenceinsurvivalbetweenthoseammalstrea^^ 
IR-P prior to TSST-1 and D-Gal treatment versus those that were not is found. 

[00901 FIG. 21 . IR-P pre-treated BALB/c mice group did not exceed the sickness level 2 in 
TSST-1 exotoxin model while D-Gal-TSST-1 group exceeded the sickness level 5 and were killed. 

[0091] FIG.22.IRpretreatmentalsoresultedinsignificantlyreducedweightlossofsurvivors 

of toxic shock. 

100921 F10.23.ThisFIG.mdicatesahigherlevelofiinmmea<aivaaoniatheimcesuff»ng 
fton, lethal toxic shock (bar#2). There is stUl a normal level of WBC in the IR-P group (bar#3) as 
compared to normal BALB/c mice (bar#l). 

[00931 FIG. 24. ThisFIG. indicates slight reduction in platelets count inTSST-1 group (bar#2) 
as compared to normal BALB/c mice (bar#l). Hie platelets count was seen very high in IR-P treated 

group BALB/c mice (bar#3). 

[0094] FIG. 25. This FIG. shows FDC G25 chromatogram of first trimester pregnancy urine 
sample(IR-U).FractionIR-U/HMDF(highmolecularweightdesaltedcolumnfi^ction)hasap 

molecular weight of greater then 5 kDa, while IR-U/LMDF (low molecular weight desalted column 
firaction) has apparently molecular weight of less then 5 kDa. 

[0095] FIG. 26. This FIG. shows a SUPERDEX 75 GPC chromatogram of IR-U/LMDF 
sample TTie profile obtained displayed at least 5 peaks although the ratios were different. 

[0096] FIG.27.showslowmolecularweightfraction(IR-U/LMDF)onaPharmaciaBiotech 
SMARTsystemequippedwithaSUPERDEX®peptide,PC3.2/30.Fortherumiingbuffer4()mMTRIS, 
5mM MgCl.+ 150mM NaCl was used and the flow rate was 50 ml/min for 75 minutes and the signal 
was analyzed at 214 and 254mn wavelength. Tliere were 1-3 fi-actions collected (LMDFl-3). 
Cytochrome C and Glyl6 were used as internal size markers. Peak 1, 2 and 3 were eluted at about 

1.3kDa, 1.15kDa, 400Da, respectively. 

[00971 FIG. 28. This FIG. shows that there is strong inhibition of IFN-gamma production 
foundwitiiIR-PandIR-U/LMDFonCD4+cellspolarizingtowardsThlphenotype(mv/vo). There was 

only a moderate inhibition of IFN-gamma production observed with recombinant beta-hCG and no 
effect was seen witii recombinant hCG as compare to control (MED). 

[0098] FIGS. 29-3 1 . In order to know whether IR also has an effect on die maturation of DC, 
BMfromNODmicewere also directly co-cultured with GM-CSF and IRfor7days. At daySall cells 

29 



wereanalyzedbyaflowcytometerforexpressionofthefollowingmarkers:CDld,C^^^^^ 

CD40, CD43, CD80, CD86, CD95, ER-MP20, ER-MP58, F4/80, E-cad, MHC H, MHC I, RB6 8C5. 

[00991 WeobservedthataUDCtreatedwithlRwerelessmaturethancontrolDCtreatedwith 
GM-CSF only. This was concluded from the decrease in cell surface markers CDld, ER-MP58, F4/80, 
CD14, and the increase in CD43, CD95, CD3 1 and E-cad. Moreover, no change was observed in cell 
surfac^ markers ER-MP20/LY6C, MHC I and H (FIG. 29). FIGs. 30 and 31 show, when DC were 
cultured with GMCSF for 6 days and at day 7 co-cultured with 300 lU/ml IR-P (FIG. 30) or 100 mg/ml 
of IR-U/LMDF (FIG. 3 1) for additional 24 hrs, the DC became more mature and could function better 
as APC. This wasconcluded from theincrease in CDld, CD40,CD80,CD86,CD95,F4/80,CDllcand 

MHC II cell surface markers (FIGs. 30 and 3 1). 

[0100] FIG. 32 shows that due to the IR-P treatment in BALB/c mice the CD4+ cells are 
shifted towards Ttil phenotype, appearing from the inhibition of IFN-gamma production as compared 

to control (CTL) group. 

[0101] FIG. 33. Shows that purified CD4+ cells of BALB/c mice treated with IR-U/LMDF 
produce less IFN-gamma in Thl polarization assay as compared to PBS treated mice, suggestive of 

down-regulation of Thl subsets. 

[0102] FIG. 34 shows that due to the IR-P treatment in BALB/c mice, the CD4+ cells are 
shifted towards Th2 phenotype, appearing from the increase in IL^ production as compared to control 
(CTL) mice. 

[01031 FIG. 35 shows that purified CD4+ cells of BALB/c mice treated with IR-U/LMDF 
produce more IL-4 in the Th2 polarization assay as compared to PBS treated mice, suggestive of up- 

regulation of Th2 subsets. 

[01041 FIG. 36 shows that CD4+ T-cells from PBS and IR-P mice treated (in vivo) with 
different doses of IR-P (in vitro) show increase in IFN-gamma production which suggests the shift 
towards Thl phenotype (see also FIG. 37). 

[01051 FIG. 37. Shows that CD4+ T-cells from PBS and IR-P mice freated (in vivo) with 
different doses of IR-P (in vitro) show decrease in IL-4 production which suggests the shift towards Thl 

phenotype (see also FIG. 36). 

[01061 FIGs. 38-41. hi order to determine whether a shift of CD4+ T-cells towards the Th2 
phenotype is IL-10 or TGF-beta dependent, we also added anti-ILlO and anti-TGF-beta in the 
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p„l,riza«o„assaysofCD4.T-ceUsftomIR-P«ea.edmi«.FlG.38*o«anin«easeinlFN-^^ 
p„,ductionmderThl polarization conditions in !R-Pgroup.wUch suggests totftcpromofe^ 

of IR-P on Tta subset is at least parfly IL-IO dependent (for details see text). FIG. 39 shows increase 
i„E^p™luotioninTl,2polarizaaonconditi„nsseenwithanti.ILI0i»».ro.reaBnen,to 

g.„„p and in IR-P ^up. TOs suggests involvem«,t oflL-lO in TOm>2 polarization (for detail see 
text) while no significant differences were seen in IL4 and IFN-gamma pn>duction in Th2 and TW 
polarizadon conditions with anti-TOF-bda *o treatment (FIGs. 40 and 4.) between control and 
IR-P treated group. 

[01071 FIGs.43,44a,band45showthatp«rifiedCD4-.cellslromIR-U/LMDFproducen.ore 
WG-beta than the cells ftom control mice. When anti-IL-lO or anti-11.6 was added in both cultures, 
CD4. cells ftom control group mice ptoduce more TGF-bem than IR™f trea.«l group. Th.s 
suggests an involvement of IW and IHO in TGF-beta. producdoa TOs is consistent with our data 
wMch shows that IPS stimulated spleen ceUsihnnIR treated mice producehi^levelsofn.6(nG. 

45) as compared to control group mice. 

[01081 FIGS. 46 and 47 show reduction in LPS and anti-CDS induced proliferatton was 
observed after culhareofsplenocytesfiomUVBtreatedBALB/omice (FIGS. 46 and47), while IR or 

e<™binedmandUVB.irradiated.reatmentincreasedtheIJSandanti-CD3s.imulatedprolif«^^^ 

(FIGs. 46 and 47). . 

10109) FIGs 48 and 49. to older to determine whether this change in LPS and anti-CD3 
sHmuIated proliferadon is IL-10 dependent, we treated IHO knockout mice with IR-P or UVB. No 
changeinproliferationpaUernwasseeninanti-CDSstimulatedspleencellswhenUVB-irradia^ 

m-P treated BALB/c mice were compared (FIG. 47). while the inverse pattern in proliferation was 
observed in anti-CD3 stimulated lymph node cells as compared to UVB-irradiated BALB/c of both 
groups(FIO 49).™sshowsthatthedecreaseinanti-CD3 stimulated proliferation after UVB treatment 
orincreaseinprolifera,ionafterIR-PtotmentofspleencellsisnotcompleteIyII.10dependen..whrle 

this is true for anti-CD3 stimulated lymph node cells. 

[01101 FlGs.50and51showtheLPSstimulatedprolifeiationofspleencellsat48hours.We 

observed an increase of proliferation in the UVB and IR-P t«ated groups as compared to the control 
group (FIG. 51), while a decrease in proliferation was observed m both groups at 72 hours of 
proliferation (FIG. 50). 
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,01111 FIGS. 52 and 53 show to. reduction in B220 and M5/U4 positive celK and an 
toorease in CD4 and CDS positive cells was observed in *= iymph nodes o, m-P-tieated 
knoCou. n^ce (FIG. 52). while an increase in CD4. CDS. B220 and M5/n4 positive cells was 
observed in *e spleen (FIG. 53, In *e UVB treated group, an increase in CDS positive cells and a 
decreaseinCD4,B220,andM5/1.4positivecellswasseeni„l,n>ph„odes(FIG.52).whilenochange 

in cell markers wasobserveda.no„gspleence.Is.e.cep.foranrodera.einc,easeinCD8pos.tivecel^ 

"mm FIGS. 54 and 55 show tira. when DC torn BAIS/c mice are c„-cdti»ed in Ae 
„„fGM.CSFa„dm(ni-P.IR-U.m-U3-5,lR-U/LMDF)for7days.weobservedft«dlDC 

Ledwiti.mwerelessma««ti»ncontiolDC.^.edwiti,OM-CSFonly.Thisw.conc,ud^^^^^ 

a,edecr.aseincel. surftce markers CDld. CD40. CDSO. CD86. ER-MP58. F4/S0. E-cad andMHC U 
,P,0 54).Moreover.modera«increaseinCD95wasobserved(F.G.54).h.contias..whenDCwere 

colored wiU. GM-CSF for 6 days and on day 7 tire culti^s we« supplemented with 300 lU/ml ni-P 
orl00mg/nJm-U(lR-U,IR-U3-5,orIR-U/LMDF)foranadditional24hrs,theybecamemoremature 

:Z:LctionLasAPC.«swasconc,uded,.n>.heincrease.CD.d.CD.4.CD^.CDS0. 

CD86. CD95, ER-MP58. F4/S0. RB6 8C5. and MHC .1 cell surface markers (FIG^5). 

(01131 FIG. 56 shows an allo-MLR. Proliferation data shows that IR ti«.ted DC m all DC 
versus T-cell ratios are able to suppress proliferation (FIG. 56). 

101,41 FIG. 57 shows anti-shock activity of IR-U/IMDF ftaction. Method for test activity 
is mentioned elsewhere in this document. 

lOnSl FIG 58. To determine the effect of high-dose LPS ti^ent in IR ti^ mice. 
BAIB/cmice(„.30) were injected intiaperitone^ly with LPS (150 ™g*g) and survival was ass«sed 
daily during 5 days. PBS-treated BALB/c mice su^umbed to shock between days 1 and 2 after h.^- 
doseLPSi^i«.on.wid.onlylCmofmicealiveonday5(F.O.5S,lnc„n.^.,100%oflK-P^^^^ 
ftac,ionsDl-PlorIR.P3..reatedmicewerealiveonday5(P<0.001) (FIG. 58). whrle groups ofm-P2. 

m-A and Dexameflrasone tteated mice demonstrated around 70% of survivors. 

10,161 FIG. 59 shows tira, IR-A. IR-P and its fraction IR-Pl. IR-P3 all have platelet counts 
withinnonnal range (100-300x,0'/ml).wUlecontiol.lR-P2 and Dexameti,as«>etrea.edm,cehave 

platelet counts below normal range. 
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[01171 FIGs. 60-62 show that mice treated vrifh IR-A, IR-P and its ftaoHon IR-Pl. IR-P2 or 
IR.P3hadrelativelylo»erlevelofALAT.LDHl,ASATe,^esintheplasmaa»comparedtocontrol 

anddexame.haso,».reatcdmioe.Tl.«ee.^e.»erepresenti«W^erconce„.raHot,inblooddun^ 
shock due to organ damage, so these results are consistent with o.» surviving results (FIG. 58). 

[01181 no. 63 shows that .nice treated with IR-A. IR-P and its ftactions have moderate to 
normal level of WBC at t=48 hours than control and dexamethasone treated mice, suggesting weaker 

inflammatory responses in ffi. treated mice. 

(OlWl FIG 64showsinhibitionoflFN-gammaproductioninThlpolariza«onassayofCD4+ 

cells isolated ftom NOD mi« treated with IR-P or rhCO in combination with m-P3, while m«iera.e 
irinbition was found in TO polarizaHon by rhCG and IR-P3 alone. This shows that in treahnent wtth 
rhCG in combination with IR-P3, gives massive inhibition of Ttl outgrowth in NOD mice. Thts 
suggests that IR-P3 fraction needs .hCG for it maximal inhibition of the Thl subset. 

101201 FIG 65 shows inhibition of IFN-gamma production in anti-CDS stimulated spleen 
oeIlsobtainedftomNODmice.reatedwithIR-P,IR-Pl,IR-P2orwithrhCOincombinaHonwithIR-P3 

ascompar»JtoPBStreatedmice.rhCGandlR-P3alonedidno.havethesameaffec.asincombmat.on. 

This suggests again that IR-P3 ftaction needs rhCG for its IFN-gamma inhibition. 

(01211 FIG 66showsanti-CD3stimulatedproliftrationatdifferenttimepoints(t=12,24,48 

h) of spleen cells obtained from NOD mice treated with IR-P. its ftacdons, rhCO or IR-P3 in 
c„mbinati„nwithrhCO.Again,.hcresultsareconsistentwiththepreviouslFN-gammainhibi«on(FIG. 

65). Here, m-P3 faction also needed rhCO for its inhibitory effect on anti-CD3induc«lprolifem..o« 

of spleen cells from in vivo treated NOD mice. 

[0122] FIG. 67 shows that IR-P and its fractions promote IL-IO production of anti-CD3 
stimulated spleen cells from treated NOD mice as compared to PBS freated mice. 

10123] FIG. 68 shows that IgG2a production is not inhibited by in vivo freatment of NOD 

. ^ * ,„i,;i«.TR p TR-Pl TR-P3 and IR-P3 in combination with 
mice with IR-P2 and rhCG in vivo treatment, wble IR-P, IR-Pl, IK ana m 

rhCG did inhibit the IgG2a production. 

[01241 FIGs. 69 and 70 show that IR-P treatment is able to delay the induction of diabetes m 
both models. The mechanism behind this delay is probably of different natures. 

[01251 FIGs 71-74.ResultsofBEAS2BcelllineshowthatDexamethasoneisabletoinhibit 
TOF-alphainducedIL-6andRANTESproductioninBEAS2Bcellline.IR-PisalsoabletoinMbit*^ 
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production of TNF-alpha induced tanammatoo. cytokines. Moreover, dexamethasone was able to 
restore TNF-alpha induced down-regulation of anti-inflanunatory TGF-beta cytokine, while IR-P not 
oriyrestoredTGF-betaproducdonbutalsopromotesthisanti-inflammatorycytokinefurther(FIG.73). 

In addition, Dexamethasone and IR-P were both able to inhibit IFN-gamma induced production of 

RANTES (FIG. 74). 

[01261 FIOs. 75 and 76. Flow cytometry analyzes of BEAS 2B cell line results show that 
DexamethasoneandlR-Pbothwereabletodown-regulatetheTNF-alphainducedexpressionofHLA- 

DR and ICAM-1. 

[0127] FIGs.77-80.ResultofEAEinodel.MicetreatedwithPBSonlylostweightduringthe 
first three weeks (FIG. 77). These mice had all clMcal signs of EAE of at least 2 and long^ 
ofthe disease, except for onemousewMchremainedresistant to disease during the wholeexpe^^ 
(FIG 78) lnIRtreatedmicegrouptherewaslesswdghtlossobservedduringtheexperiment(FIG.79) 
aridtwomicewerefreeofdiseaseduringtheexperiment.Sickmiceinthisgrouphadmaximumcl^^ 
scores of 2 and had short duration of the disease, and recovered faster from EAE symptoms then PBS 

treated group (FIG. 80). 

[0128] FIGS. 81, 82a, b. FIG. 81 shows that before IR treatment the patient was immuno- 
compromised due to the Wgh doses of steroids. After IR treatment, the levels of T4ymphoc^^^ 
CD8)were increased and withinnormal range, except for B-cells.Wealso measured cytokinesmLPS 
andPMA/CastimulatedPBMCobtainedfrompatientduringthelRtreatmentWeobservedthatLPS- 

sthaulated PBMC produced more TNF-alpha, IL-10 and IL-12 during treatment (FIG. 82a), while 

PMA/Ca stimulated PBMC produced less IFN-gamma (FIG. 82b). 

[01291 FIGs.83-86.FIG.83showsthatduetotheIR-Ptreatmentthenumberoflymphocytes, 

T-cells(CD4,CD8)andB-cellsweredecreasedwhichindicatesthedown.regulationoftheh^^^^^^ 
innnune systlm due to the treatment. This is also consistent with our cytokine data (FIG. 86) which 
shows inhibition of LPS stimulated IL-1 2 and TNF-alpha by PBMC. Moreover, there was an mcrease 
i„IL-10productionduringthetreatment,wWchisananti-inflammatorycytokine(FIG.86).Inaddm^^^ 

the elevated CPK and liver enzymes (ASAT, ALAT) were also decreased (FIGs. 84 and 85). This all 
reflects a decrease in the disease activity. 

[01301 FIGs. 87 and 88. Show that during IR-P treatment of diabetic patient the insulin 
needed to maintain euglycemia decreased as shown in FIG. 87. After withdrawal of PREGNYL his 
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insulin needed to be raised again (FIG. 87). In this patient with newly onset of diabetes mellitus the 
insulin need dropped significantly during treatment with IR-P and also improvement of the glucose 
control was found, supported by a decrease in glycosylated HbAlc level during IR-P treatment (FIG. 
87) and decrease in inflammatory cytokines (1L12, TNF-alpha, IFN-gamma) produced by 
LPS-stimulated PBMC (FIG. 88). Furthermore, increase in IL-10 (anti-inflammatory cytokine) was also 
observed during the treatment (FIG. 88). This suggests an improvement of the islet cell function and 
eventually also better glucose regulation. 

[01311 FIGs. 89-91 . MS patient 1 (in vitro): there was an increase in production of TGF-beta 
and IL-10 in LPS stimulated PBMC treated with IR-P (FIGs. H and 1). No differences were observed 
inTGF-beta and IL-lOproduction in cultures stimulated withPMA/Ca and treated witiiIR-P(FIGs. 89 

and 90), while IR-P inhibited the production of IFN-gamma in PMA/Ca stimulated PBMC (FIG. 91). 

[0132] FIGs. 92-94. MS patient 2 (in vitro): PBMC obtained from patient 2 showed a 
decreased production of TGF-beta and IFN-gamma in cultiires tireated with IR-P as compared to 
TPA/Castimulationalone,whileIR-PtreatmentincreasedLPS-stimulatedTGF.betaproduction(FIGs. 

92 and93).IL.10productionwasinhibitedwithIR-PinbotiiLPSandTPA/Castimulated cultures (FIG. 
94). 

[0133] FIGs. 95 and 96. Treatment of BALB/c recipients with IR-P prolonged C57BL/6 skin 
graft survival as compared to the untreated control group. The control recipients rejected skin graft 
witiiin 1 2 days (FIG. 95) while IR-P treated recipients were able to prolong the graft until 22 days after 
transplantation(FIG.96). FIGs. 95 and 96 showonesuch prolonged graft (picture takenon day 19)due 

to the IR-P treatment and a rejected graft from the control mice. 

[0134] FIG. 97 shows IR-U/LMDF Bio-Gel P-2 chromatogram. 

[0135] FIG. 98 shows IR-p3 Bio-Gel P-2 chromatogram. 

[0136] FIG. 100 shows macrosphere GPC 60A chromatogram of a IR-P sample. 

[0137] Threeselectedareas werefractionated,IR-Pl which elutes apparently with molecular 
weight of >10 kDa, IR-P2 which elutes apparently with molecular weight between tiielOkDa-lkDa, and 
IR.P3wWch elutes apparentlywithmolecularweight<lkDa. All tiieseactivitieswere tested for atleas^ 

anti-shock activity (for details see text). 

[0138] FIG. 101 showsmacrosphereGPO60AchromatogramofIR-PandIR-Asample(500 

njofeachsamplewasinjectedwithtiiesameinjection volume). TheresultsrevealedthatlR-Ao^^^^^ 
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large amount of IR-A3 fraction as compared to IR-P3 fraction in the IR-P sample. We have tested the 
same amount of IR-A and IR-P for their anti-shock activity. The results revealed that IR-A had low to 
moderate anti-shock activity compared to IR-P (result not shown). 

[0139] FIG. 1 02 shows flow diagram of purification methods 1 ,2,3 and 4 for more detail, see 

text. 

DETAILED DESCRIPTION 
[0140] Immunoregulator (IR) 

[0141] IR-U purification from first trimester pregnancy urine 
[0142] (Method 1): 

[0143] First trimester pregnancy urine (2 liters) was collected in a bottle from a healthy 
volunteer and was refrigerated until delivered at the laboratory within 2 days. Upon deUvery, 1 gram 
per liter of sodium azide was added, and the pH was adjusted to 7.2-7.4 with sodium hydroxide and 
allowed to sediment for 1 hour (h) at room temperature (RT). Approximately, 75% of the supernatant 
was decanted and the remainder close to the precipitate was centrifuged (10 min at 25000 rpm at 40C) 
to remove sediment and added to the rest of the supematants. The supematants were filtered through 
0.45 (m in a Minitan) (Millipore) transversal filtration set-up. Subsequently, the filtrate (2 liter) was 
concentrated in an Amicon ultrafiltration set-up equipped withaYMDioporemembranewithalOkDa 

cut-off. The final volume (250 ml) was dialyzed against 2 changes of 10 liters of MilU Q water. Next, 
the sample was fiirther concentrated by 10 kDa cut-off in an Amicon ulfrafiltration to a final volume 
of 3 ml. 

[0144] Gel permeation: A Pharmacia FPLC system equipped with a SUPERDEX 75 gel 
permeation colmnn was used to analyze the freated urine sample (IR-U) and conmiercial hCG 
preparation (IR-P) (PREGNYL; Organon; Oss, NL). The running conditions are shown elsewhere in 
this document: 
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[0145] IR-U purification from first trimester pregnancy unne 
[0146] method 2: 

[0147] In order to purify lower molecular weight fractions from first trimester pregnancy 
urine, SOmlofurine was directlydesdted with anFPLCsystemequipped with an FDC®G25 in 50^ 

ammonium bicarbonate. The running conditions used are shown below: 
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[0148] IR-U purification from first trimester pregnancy urine 
[0149] method 3: 

[0150] ToanalyzetheIR-U(firsttrimesterurine)obtainedfrommethod 1 and 2, we also used 
a Shimadzu HPLC system equipped with Alltech macrosphere size exclusion (GPC) column 60A or 
300A (250 X 4.6 mm) in 50mM ammonium bicarbonate. The separation range for both columns was 
28,000 - 250 and 1 ,200,000 - 7,500 Dalton, respectively. Sample load volume was 10-50 ml. The flow 
rate was 0.3 ml/min for 25 minutes. External molecular weight standards were also employed to 
calibrate the column elution positions. The markers used were: aprotinin (6,500 Da), cytochrome C 
(12,400), carbonic anhydrase (29,000), albumin (66,000) and blue dextran (2,000,000). 

[01511 To analyze IR further, two different hCG preparations. IR-P (PREGNYL; Organon; 
OSS,TheNetherlands)andIR-A(APL;WyethAyerst;PWladelpWa,USA),wereused.IR-Pwasfu^^ 

separated by two methods. A Pharmacia FPLC system equipped with a SUPERDEX 75 gel permeation 
column (HR 5/30) (Pharmacia, Sweden) was used to analyze the IR-P. For the running buffer 50mM 
ammonium bicarbonate was used. The separation range of this column was 100,000-3,000 Da for 
globular proteins. Sample load volume was 1 ml and the flow rate was 0.5 ml/min for 45 min. In 
addition, Macrosphere GPC 60A (250 X 4.6 mm) was also used. This column separates proteins, 
peptides, and other water-soluble macromolecules by size exclusion chromatography. The separation 
range of this column was 28,000-250 Dalton. Three selected areas were firactionated, IR-Pl which 
elutes apparently with molecular weight of >10 kDa, IR-P2 which elutes apparentiy with molecular 
weight between the lOkDa-lkDa, and IR-P3 which elutes apparently with molecular weight <lkDa. 

[0152] Purification of IR from lower molecular fraction first trimester pregnancy urine 
(IR-U/LMBF) and commercial hCG preparations (PREGNYL. APL): method 4: 

[01531 Procedure: The lyophilized low molecular mass firaction (<2 kDa) obtained firom first 
trimesterpregnancyurine and from commercialhCGpreparations (PREGNYL, APL)bymet^^^ 
further analyzedbygel filtration chromatographyonaBio.GelP-2column(96xl.5 cm). Fraction(13- 

1 7 mg) was suspended in bi-distiUed water (8- 1 2 ml). The material was not completely dissolved. The 
sediment (8-11 mg) was separated from flie supernatant by centrifiagation (Sigma 201, 10 min, 3000 
rpm). Tho supernatant (6-8 ml) was fractionated by gel filtration chromatography on a Bio-Gel P-2 
column. The column was eluted with water at a flow mte of 15 ml/min. The elution was monitored 
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with an LKB 2142 differential refractometer and an LKB 2238 Uvicord SH (206 run). Fractions (20 
min) were collected by a Pharmacia Frac 100 fraction coUecter. Definite fractions were pooled and 
lyophilized. These fractions were fiirther tested for anti-shock activity. 

[01541 Gel permeation: A Pharmacia FPLC system equipped with a SUPERDEX 75 gel 
permeation column was used to analyze the freated urine sample (IR-U) and commercial hCG 
preparation (IR-P) (PREGNYL; Organon; Oss, NL). The rumiing conditions used are shown below: 
0.0 CONC%B 0.0 
0.0 ML/MDSf 0.20 
0.5 MUMIN 0.50 
0.5 CM/ML 0.50 
0.8 ML/MIN 1.00 
0.8 CM/ML 1.00 
2.0 CLEAR DATA 
HOLD 

2.0 VALVE.POS 1.2 

2.0 MONITOR 1 

2.0 LEVEL % 5.0 

2.0 ML/MARK 2.0 

2.0 INTEGRATE 1 

4.0 VALVE.POS 1.1 

6.0 PORT.SET 6.1 

50.0 INTEGRATE 0 

52.0 CONG %B 0.0 
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[0155] Anion exchange chromatography: In order to forther separate the overlapping 
fractions, 1 ml MONO Q HR 5/5 FPLC anion exchange colxmin was used. The running conditions are 
shown below and the buffer combination consisted of lOmM PBS, pH 7.3 as buffer A and PBS 
containing 1 M NaCl as buffer B: 
0.0 CONC %B 0.0 
0.0 ML/MIN 1.00 
0.0 CM/ML 1.00 

1.0 ALARM 0.1 

1.0 HOLD 

1.0 CLEAR DATA 

1.0 MONITOR 1 

1.0 LEVEL % 5.0 

1.0 ML/MARK 2.0 

1.0 INTEGRATE 1 

1.0 PORT.SET 6.0 

I. 0 VALVE.POS 1.2 
6.0 CONC %B 0.0 
6.0 PORT.SET 6.0 

II. 0 CONC%B 50.0 
14.0 CONC %B 50.0 
16.0 CONC %B 100 
16.0 PORT.SET 6.0 
18.0 CONC %B 100 
18.0 CONC%B 0.0 
18.0 INTEGRATE 0 
25.0 CONC %B 0.0 

[0156] Further treatment of the IR-U and IR-P: To reduce covalent binding between 
protein species present in the urine sample, we treated the urine (IR-U) and hCG preparation (IR-P) 
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sample with 60 mM 2-mercaptoethanol for 3 min at 100 OC. Subsequently, the treated IR-U and IR-P 
sample were applied to the SUPERDEX 75 column under identical running conditions. 

[0157] Activity determination of FPLC fractions of IR-U: The protein concentration of 
urine fractions was determinedbyOD280mndividedbyl.4. From this value, the amountofhCGunits 

was calculated using 5000 lU/ml PREGNYL preparation of hCG corresponded to 100 ng. 

[0158] Alternative methods for purifying and/or isolating IR comprise gel filtration on, for 
example, a SUPERDEX 75 column in an FPLC system using PBS with or without ethanol to increase 
resolution and disrupt hydrophobic interactions, optionally followed by cationic exchange. Samples 
can be submitted in reduced or unreduced form. Another method comprises lectin affinity 
chromatography to better separate carbohydrate containing components from other components, 
whereby the effluent is further subjected to gel filtration. It is, of course, possible to derive at synthetic 
or recombinant (poly) peptide sequences with methods known in the art, and to select (synthetic) 
antibodies, i.e., phage-derived, to further select IR. 

[0159] Auto-immune disease experiments 

[01601 Thenon-obesediabetic(NOD)mouseisamodelforauto-immunedisease,inthiscase 
insulin-dependent diabetes mellitus (IDDM), which main clinical feature is elevated blood glucose 
levels (hyperglycemia). The elevated blood glucose levels are caused by the mmiune-mediated 
destruction of insulin-producing B cells in the islets of Langerhans of the pancreas (Bach et al. 1991, 
Atkinson et al. 1994). This destruction is accompanied by a massive cellular infiltration surrounding 
and penetrating the islets (insulitis) by a heterogeneous mixture composed of a CD4+ and CD8+ T- 
lymphocytes, B-lymphocytes, macrophages and dendritic cells (O'Reilly et al. 1991). The easiest and 
most reliable way to detect the onset of diabetes in these mice is to test for glucose levels in the blood. 

[0161] The NOD mouse represents a model in which auto-immunity against beta-cells is the 
primary event in the development of IDDM. In general, T-lymphocytes play a pivotal role in initiating 
the disease process (Sempeetal. 1991, Miyazaki et al. 1985, Harada et al. 1986,Makinoetal. 1986). 
Diabetogenesis is mediated through a multifactorial interaction between a unique MHC class 11 gene 
and multiple, unlinked, genetic loci as in the human disease. Moreover, the NOD mouse demonstrates 
beautifully the critical interaction between heredity and enviromnent. Differences between the 
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cleanliness of the housing conditions illustrates how enviionmental factors can affect the action of 

diabetes-mediated genes (Elias et al. 1994). 

[0162] Asfortheauto-immunityrecordedinNODmice,mostantigen-specificantibodiesand 

T-cell responses have been studied after these antigens were detected as self-antigens in diabetic 
patients. Understandingtherolethat these auto-antigensplayinNODdiabetesmayallowtodisti^^^ 

between primary pathogenic auto-antigens and auto-immunity that is an epiphenomenon. Moreover, 
one should bear in mind that IDDM patients are genetically and pathogenically heterogeneous. 

[0163] A typical longitudinal histological examination of the NOD pancreas demonstrates 
infiltrating cells surrounding the blood vessels at 3 -4 weeks of age, but the islets are typically still clear 
at 6-7 weeks. Infiltrating cells than reach the islets, either surrounding them or accumulating at one 
pole. Between 10 and 12 weeks, the infiltrating cells penetrate into the islets and the islets become 
swollen with lymphocytes. As mentioned above, differences between the housing conditions and 
microbiological and enviromnental factors can affect the penetration of diabetes-susceptible genes. 

[01641 In our hands, typically between 14-17 weeks NOD mice become diabetic. However, 
thisvariesfromlabtolab(averagel4-19weeks)(Eliasetal.l994). CD4+T-cellscanbe separated into 
atleasttwomajorsubsetsThl andTh2. Activated Thl cells secrete IFN-y and TNF-a, while Th2 cells 
produce IL-4, IL-5 and H^IO. Thl cells are critically involved in the generation of effective cellular 
immunity, whereas Th2 cells are instrumental in the generation of humoral and mucosal immunity and 
allergy, including the activation of eosinophils and mast-cells and the production of IgE (Abbas et al. 
1996). A number of studies have now correlated diabetes in mice and humans with Thl phenotype 
development (Liblau et al. 1995, Katz et al. 1995). 

[01651 Th2 T-cells are shown to be relatively innocuous. Some have even speculated that 
rn2 T-cells, in fact, may be protective. But Katz et al- have shown the ability of CD4+ T-cells to 
transfer diabetes to naive recipients resided not with the antigen specificity recognized by the TCR, per 
se, but with the phenotypic nature of the T-cell response. Strongly polarized Thl T-cells transferred 
disease into NOD neonatal mice, while Th2 T-cells did not, despite being activated and bearing the 
same TCR as the diabetogenic Thl T-cell population. Moreover, upon co-transfer, Th2 T-cells could 
notameliorateThl-induceddiabetes,evenwhenTh2cellswereco-transferredinlO-foldexcess(P^^^ 

etal. 1997). 
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[0166] Thl-polarized T-cells can transfer disease in neonatal NOD mice, something Th2- 
polarizedT-cells fail to do. BothThl-andTh2-polarizedT.cells can transfer 
andotherimmune-compromisedrecipients. TT^-mediated diabetes in NOD. scid recipients exhibited 
a longer pre^iabetic phase and a lowered overall-incidence. Moreover, the diabetic lesion created by 
11,2 cells is unique and quite unlike the lesion found in spontaneously diabetic or Thl T-cell-induced 
diabetes in either neonates or NOD.scid mice (Pakala et al. 1997). 

[01671 In addition, IFN-y correlates with diabetes (in NOD as well as in humans) and anti- 
IFN-Ypreventsdisease;under disease, IFN-7+ cells arepresentinisletsandantigen-specific^ 

accelerate the onset of diabetes (Pakala et al. 1997, 0'Garra et al. 1997). Furthermore. cells only 
induce insulitis in neonatal NOD, but have the capacity to induce diabetes in immuno-compromised 
NOD scid; also, disease is inhibitable by anti-IL-lO, but not by anti.IL-4 (Pakala et al. 1997). IHis 
suggests that non-TT^ type regulator T-cells are present in nonnal mice, but these are absent in 
ixrmiunodeficient mice. These results stress the existence of cells regulating the balance between 
activatedTli-sub.populations.PossibledisturbancesintWsbalanceinducedbyalteredreactivi^ 

regulatory T-cell populations can cause immune-mediated diseases, which results in absence or over- 
production of certain critically important cytokines (O'Garra et al. 1997). 

[01681 Some auto-immune diseases, in particular Thl mediated diseases, like rheumatoid 
arthritis (RA) (Grossman et al. 1997, Russel et al. 1997, Buyon et al. 1998, Hintzen et al. 1997) can 
remit duringpregnancy. Furthermore, successful pregnancy is a Tli2 type phenomenon (Raghupathet 
al. 1997). We tested hCG preparation and its fractions from PREGNYL [Organon. Oss] on the 
development of diabetes in NOD mice and in an in vitro model. 

[01691 Surprisingly, we found that intraperitoneal treatment of NOD mice of age 15 weeks, 

with an hCG preparation for three times a week for a month can delay or inhibit the onset of diabetes. 
^ addition, fransfer of total spleen cells from these freated NOD mice into NOD.scid mice can delay 
orpreventdiabetes inNOD.scid whereas fransferofnon-freated spleen cells cannot. This anti-diabetic 

effect resides in a fraction obtainable from a pregnant woman but not in hCG. 

[01701 Mice. NOD mice were bred in our facilities under specific pathogen-free conditions. 
The spontaneous incidence of diabetes in our colony is S5% in females at 15 weeks of age. NOD.scid 
mice were dsobredinourfacilitiesunderspecificpathogen-freeconditions.Transferofdiabetogenic 

cells from NOD to NOD.scid at the age of 8 weeks induces diabetes after 22 days. 
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101711 Diabetes. Diabetes was assessed by measurement of venous blood using an Abbott 
Medisense Precision Q.I.D. glucometer and also monitored for glucosuria (Gluketur Test; Boehringer 
Mamiheim, Mannheim, Germany). Animals were considered diabetic after two consecutive glucose 
measurements of higher than 13.75 mmol/1 (250 mg/dl) Onset of diabetes was dated from the first 
consecutive reading. In instances of sustained hyperglycemia of >33 mmolA animals were killed to 

avoid prolonged discomfort. 

[0172] Immunohistochemistry. Mice were killed by C02 asphyxiation. The entire pancreata 
were removed and snap frozen in OCT compound (Tissue-tek) for cry-sectioning. 5-/.m cryo-sections 
were obtained, air dried, and stored at -20°C until used. Formalin-fixed sections were deparaffinised 
in xylene and alcohol, and stained with hematoxylin and eosin for general morphology. 
Immunohistochemistry for insulin was then perfonned using a two-step protocol. Endogenous 
peroxidase activity was blocked, and slides were incubated with a rabbit antiserum to insulin (Dako 
Corp., Carpenteria, CA; 1 :500 in 5% normal mouse serum for 30 min). After washing steps, staining 
was revealed with horseradish peroxidase conjugated anti-rabbit Ig (Dako; 1:500 in 5% NMS for 30 
min), developed with amino-ethyl-carbazole (AEC; Pierce) for 1 0 min and mounted in crystal mount. 

[01731 in vivo anti-diabetic effect: NOD mice at the age of 1 5 weeks were treated with PBS 
(n=4), 300 lU PREGNYL (n=4), or 600 lU PREGNYL (n=4) i.p., 3 times a week for four weeks and 
diabetes was assessed as mentioned above. After four weeks, the freatment was stopped and the PBS 
and the 600 lU PREGNYL group were killed after one week. The 300 lU PREGNYL group was left 
ahve until the age of 28 weeks. Spleen cell transfer. The spleen was removed from 600 lU PREGNYL 
treated NOD and PBS control treated NOD mice, and total spleen cells were recovered. These cells 
were washedtwicewithPBSand20xlO* cells were i.p.transferred into an 8-wk-oldNOD.scidmouse. 

[01741 Transfer experimentsTotal spleen cells were recovered from 9-wk-old NOD mice 
and stimulated in vitro in RPMI supplemented with 10% FBS with coated anti-CD3 (145-2C11; 25 
mg/ml) and IL-2 (50 U/ml) along with 300 RJ/ml IR-P, 100 mg/ml IR-U3-5 or IR-U/LMDF. Plates 
were then incubated at 37«C in 5% of CO, in air for 48hrs. After 48hrs, cells were twice washed with 
PBS and 20 x 10' ceUs were i.p. transferred into an 8-wk-old NOD.scid mouse. 

[01751 wvffrorestimulation. Total spleen cells (1 x 10' cells/ml) from 20-wk-old NOD were 
stimulatedinRPMI+supplementedwithlO%FBSwithLPS(Ecoli;10^g/ml)orcoatedanti-CD3(H 

2cl 1; 25 /^g/ml) with different doses of hCG-PREGNYL (50. 100, 300, 600, 800 lU/ml), Fraction 1-2 



44 



(200 ) iug/ml), Fraction 3-5 (200(g/ml), human recombinant hCG, a-hCG. and p-hCG (each at 200 
/zg/ml) in flat bottom 96-well plates. Wells with anti-CD3 coating were implemented with IL-2 (40 
lU/ml). Plates were incubated at itC in 5% C02 in air for 48hrs. After 48hrs of incubation the 
supematants were collected for cytokine analyzes. 

[01761 CD4+ T-cells were isolated from total spleen cells of 20-wk-old NOD and stimulated 
as mentioned above with anti-CD3 at different conditions. These wells were implemented with IL-2 
(40 A^g/ml) and anti-CD28 (10 Mg/ml). After 48hrs of incubation the supematants were also collected 
for cytokine analyzes. 

[01771 To determine the effect of IR on the potential of CD4 cells to differentiate into Thl 
or Th2 cytokine-producing effector cells, Th polarization assay was performed in the presence or 
absence of IR. Total spleen cells from 8-wk-old female NOD were used as a source to purify CD4+ 
cells. Purified CD4+ T-cells from the spleen were obtained by negative selection due to complement 
depletion with antibodies specific for B-cells, NK-cells, monocytes/macrophages and granulocytes. 
Cells were further purified using magnetic activated cell sorting with a cocktail of biotinylated mAbs 
against CD lib, B220, CD8 and CD40, followed by incubation with streptavidin conjugated microbeads 
(Milteny Biotech, Bergisch Gladbach, Germany). CD4+ cells used for experiments were always 90- 
95% purified as determined by flow cytometry. For prmiary stimulation, purified CD4+ T-cells were 
cultured at 1 x 10* cells/well in flat bottom 96-well plates (Nalge Nunc Int., NaperviUe, IL, USA), and 
stimulated with plate-bound anti-CD3 mAb (145-2C1 1, 25 mg/ml), anti-CD28, and IL-2 (50 U/ml). 
For differentiation of Thl cells, anti-IL-4 mAb (llBll; 10 mg/ml) and IL- 12 (10 ng/ml) were added 
to the cultures. Priming for Th2 cells was with IL-4 (35 ng/ml) and antilFN-g mAb (XMG 1.2; 5 
mg/ml). Furthermore, in Thl and Th2 priming conditions, also 300 lU/ml IR-P and 100 mg/ml IR- 
U/L^4DF in the presence or absence of blocking anti-IL-10 (10 mg/ml), anti-TGF-b (10 mg/ml), and 
VitD3 (10 mg/ml). Unprimed cultures contained only anti-CD3, anti-CD28 and IL-2. All doses were 
optimized in preliminary experiments. After 4 days of culture, the ceUs were washed 3 times and 
transferred to new anti-CD3-coated 96-well plates and restimulated in the presence of IL-2 (50 U/ml) 
and anti-CD28 (10 mg/ml). Forty-eight hours later, supematants were collected and assayed for IL-4, 
IFN-g and IL-10 production by ELISA as a readout for Thl versus Th2 polarization. 
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(0178) Ex vivo NOD cytokines experimem: 

101791 to rodents, the switch in the production of antibodies fiom IgM to IgG and other 
classes appears to be largelynnderT-ceU control mediated by cytokines. Dominant 11,1 polarization 
mediate switohingBH^ellsfiom IgM productiontolgOaamder the influenceofmassiveproduotton 

IFN-gamma, while Th2 polarization induces isotype switching in B-cells to IgOl production. We 
seated NOD mice at the age of 8-1 0 weeks with PBS (n-S) or IR-P and its fractions IR-Pl, IR-P2. IR- 
P3orrccombinanthCG(rhCG) and rhCGin combination with IR-P3.each with 200 mgi.p. for three 

da^ Total spleen cells were isolated from all groups and stimulated with U>S or coated anti-CD3 as 
mentionedbefore. Atdifferenttimepoints, cytokines andproliferationwasmcasured as follows: anf- 
CD3 stimulated proliferation 12, 24, 48 h), anti.CD3 stimulated IFN-gamma (t= 24, 30, 48 h), LPS 
stimulated IgG2a production (t= 7 days), to onler ,0 detennme the effect of IR treatment on TO 
polarization, we isolated CD4* cells and perfomred TM polarization assays as mentioned before. 

[0180] BALB/c experiments: 

[01811 Toseparatetheimmunc-modulatingactivityoflRfromitsbeneficialdinicaleffects, 

wetreatedheal%BAlB/cmicei.p. with 3(K. lU IR-P or lOOmg/ml of IRU/LMDF (n=5). Msstram 
is generally considered to reactupon stimulation withaTh2 driven immuneresponse. After four days 

oftreatinent with IR.purifiedCD4+spIeencells from oonttol and IR-P tr^micewere analyzed for 

Th polarization as mentioned above. 

[01821 inordertodeterminetheeffectoflR-PoncytokinelevelsproducedbysplenicAPCs, 

spleen cells from control and IR-P treated BALB/c mice were stimulated in vitro with LPS (E. coli 
026:B6; 10 mg/ml. Difco Laboratories, Detroit MI, USA). After 48 hours of incubation, supematants 
were collected for cytokine analysis (IL-12p70, IL-6). 

[01831 IL-10 knockout mice experiment: 

[0184] To determine the in vivo effect of IR-P in IL-IO gene targeted (IL-IOKO) mice, we 
treated such mice (n=2) i.p. with 300 lU IR-P/day for 4 consecutive days. After 4 days of treatment 
spleenandlymphnodescellswererecoveredandtestedfortheirabilitytoproliferateinresponsetoLPS 

and anti-CDB. In addition, CD4+ceUswerepurifiedfromcontrolandIR-Ptreatedmice^^ 
for Th polarization potential as mentioned above. 
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[0185] NOD bone marrow cell suspensions: 

[0186] In order to determine IR-induced effects on dendritic cells (DC) derived from bone 
marrow (BM), BM of 9-wk-old female NOD mice (n=2) were isolated and incubated with 20 ng/ml 
GM-CSF(2.0xl()' cells/ml) for6days and at day7co.cultured with300m/ml IR-PorlOOmg/ml IR- 

U(ni-U,IR-U-F3-5[sUPERDEX75-derived],orIR-U/LMDF[FDC-derived])foranadditi^^^ 
Briefly. 'femora and tibiae were cleaned of muscles and tendons and ground in a mortar using DBSS- 
FCS. Single cell suspensions were obtained by aspiration through a 22 gauge needle into a 2 ml 
syringe, followed by sieving the cell suspension twice over nylon filters (mesh size 100 and 30 mm 
respectively; Polymon PES, Kabel, Amsterdam, IHe Netherlands). Furthermore, in order to know 
whether IR also has an effect on the maturation of DC, BM from NOD mice were also directly co- 
cultured with GM-CSF and IR for 7 days. At day 8, all cells were analyzed by a flow cytometer for 
expressionofthefollowingmarkers:CDld,CDllc,CD14,CD31,CD40,CD43,CD80,CD86,CD95, 

ER-MP20, ER-MP58, F4/80, E-cad, MHC U, MHC 1, RB6 8C5. 

[0187] A similar experiment was performed with BM cells from a 9-wk-old female BALB/c 

mice (n=3). 

[0188] Allo-Mixed Lymphocyte Reaction (MLR): 

[0189] InordertotesttheimmunosuppressiveactivityofIRontransplantationrejection,we 
perfomiedallo-MLR.BMcellsfrom9-wk-oldfemaleBALB/c(n=3)wereisolatedasmentioned above 

and treated with (recombinant mouse) rmGM-CSF (20 ng/ml) and IR (IR-P; 300 lU/ml, IR-U; 300 
mg/ml,IR-U3-5;300mg/ml,IR-U/LMDF;300mg/ml)for7days.After7days,theDC generated were 

irradiated (2,000 rad) and co-cultured with splenic CD3^ cells isolated from 9-wk-old female 
C57BL6/Ly. These CD3* and DC cells were cultured at various ratios and T-cell proliferation was 
measured via [^H]TdR incorporation (0.5 mCi/well during the last 16 hrs in culture). 

[0190] Cytokine ELISA. IL-4 was detected using monoclonal anti-IL-4 antibody (1 IBl 1) 
as the capture antibody and revealed with biotinated-conjugated rat anti-mouse IL-4 monoclonal 
antibody(BVD624G2.3). IFN-y was detected using monoclonal anti-IFN-y antibody (XMG1.2) as the 
capture antibody and revealed withbiotinylatedconjugatedrat anti-mouse IFN-7mon 
(R46A2). In both cases, ABTS subsfrate was used for detection. 
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,01911 Flat bottom mictoplates (96-weUs. Falcon 3912, Microtest n Flerible Assay Plate. 
B«tonDiokinson,Ox«ard,USA)werecoatodwithcytoldne.spedficcapm«a.tibodieste 
n^andIFN.gdil»tedinPBS(lm^ml20F3andSXC-l;5mg/mll.Blla.dXMG..2,respect,vely 
at4»Cfor,8tas.Aftercoa«n^pMeswe«»ashed(PBS,0,,%BSA,0.05%TWEEN-20)a„dbloclced 

with PBS supplemented »ith 1«/. BSA at room tempe«t..e for 1 hr. After washing samples and 
standards were addeda„dmcubationwaso„nttauedforatl.ast4hrsatroomtemperature.T^ 

plates were washed and biotinylated deteCon antibodies were added (. mgtal 32011 (tt^) and 
R46A2 (IFN-g); 0.1 mg/ml 2A5.1 (IL-IO) and BVD6.24G2 (lL-4)) and incubated overmght at C. 
After washing, streptavidin-peroxidase (1/1500 diluted. Jackson tamunoresearch. West CSrove. PA, 
USA)was added. Afterlte. plates were washed andthereaction was visualized usi„g2.2' -azmo-bts- 

3.ethylbenz.thiaz„lin^-sulfonicadd(ABTS,lmg/mUSigma,St.I.uis,MO,USA).OpticM 

was measured at4Umn,usingaTi.ertekMultisc.n(nowUbs,RedwoodCity,USA).Tl.eamounts 

of IL-12P70, TNF-a and TOF-b wete measured with commercially available EUSA kits (Gen^e 
Corp, Cambridge, MA) according to the protocols provided by the manu&ctuter. 

101921 Sepsis or sepdc shock experiments. 

101931 Therearethreecommonmousemodelsusedtoinvestigatcsepsisorsepticshocfctagh 
dose LPS, low dose IPS with D-Oalactosamine sensitization and low dose superantigen wtto D- 

Galactosamine. . t. i • i ^ 

101941 One of fltc models used for investigating sepsis or septtc shock mvolved 
^tments with rather large doses of LPS in the inter-peritoneal cavity (between 300.1200.g). Mice 
^^^teresistanttobacterialtoxins, yet succumb to thishigh dose. I. has been suggcstedthatahtgh 

dose of LPS in mice might correlate with a lower dose in humans (Mietheke et al.). Approxtmately 
70% of sepsis or septic shocks m htrntans are caused by Gram-negattve bacterial endotoxin and up to 
30% are created by exo«,xins released ftom Gram-positive bacteria, m traditional endotoxin, dte 
distinctive lipopoly^ccharide (LPS), is associated with tite cell membrane of the Gram-negattve 
^andrepresentsthemostcommoninitiatoroffl^sep^orsepticshockpathogeneticcasca.^. 
Theendotoxinmoleculeconsistsoranoutercorewithaseriesofoligosaccharidesthatareanttgemcally 

and structitraUy diverse, an inner oligosaccharide core that has similarities among common gram- 

1- iA A that i« hifihlv conserved across bacterial species. The lipid A is 
negative bacteria, and a core lipid A that is mgmy con!>crvcu 
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^p„nsibleform™yoffl,e.oxicpn,per.ie.ofe„dotoxm.Thesys.emicoffec«ofe^^^^ 

LPS, seen, .0 be largely mediated by macrophages, since adoptive ttansfer of e„do.oxi„-se„s,hve 

^^^rophages renders p«^onsly endotoxin— nnee sensitive to the toxin (Frendenberg et al. 

101951 Themoreconmronlyusedmodelofendotoxinsepsisorsepticshodctakesadvantage 
„ftheincreasedsuscep.ibiUtyofBALB/cnncet„lo«dosesofI^Saitebeingsin.»ltaneonslyt^ 

with Oak«osannne (D^al sensitized). This D-Gal treannen. *an,atically sensitizes animals to the 
«>xieeffectofl^S,sotha,nanogramamountsinducealivertoxid.y,hatislethalfor»ild-typeanm.d^ 

inapedodofMh. -Ms systemiceffecofendotoxinseemstobelargelymediatedby macrophages. 

(Q„tierrez.Ran,osetal. 1997). Alth„u^cer.ainmedia«sarenndonbtedlymoreimportanta,anothers 
inprodudngsepsis.pK,bablydoze„sof„rgamsm.andhos.^vedm.dia.orsinte,acting,accelerat^^ 
a„dinhibiti„gonaanother.areresponsibleforthepathogenesisofsepsisorsepticshock. 

101961 Onrespo„setoLPS,TNF.andothermedia.o,s.endotheUalcellsandmacrophagescan 
releaseapotentvas«matoragent.e„dothe.ial-deHvedrelaxingfactor(EDmwUchhasrecenfl^ 

identified as ni«ic oxide, "mis molecule causes smooth muscle cell relaxation and po^t 

vas«iUa,ation.I.hibitingnitrieoxideproductionwi.hc«mpetitiveinWbitorsofmtricoxid^ 

resdtsininc^asMbloodpressureinammalswithendotoxinshoclcmsuggeststt^tnitnco.^^ 

bep^allyrcspo„s.^leforthehypo.ensionasso«a.»l^thsepsis.Al.hough,nMbitionofmtncox.^^ 

restoresbloodpressu«,s»chinhibitionmayrednce.issueblo«dflov,.(Bemte.tetal.) 

.01971 Endotoxin can also activate the complement cascade, usuaUy via the alternative 
pathway IWs results in the release of the anaphylotoxins C3a and C5a, which can i«l«ce 
vasodilatation, increase vasorlar permeability, platelet aggregation, activation and ag^egation of 
„e^phils.Tl.esecomplement^vedm^a.ors may be responsible inpart for the micro— 

abnormalities ass„ciat«. with sepsis or septic shock. Father, endotoxin can result in tite release of 
bradykinin via the activation of Factor XH (Hageman fector), kalUkrein, and kiniogen. Bradytan .s 
a,soapotcntvasodi.a.oraudhypotensiveagentlPSactivationoffectorXnalsoleads.ointnnstcand 

(through macrophage and endoti,elial cell release of tissue factor) extidnsio coagulati^r patitway 
activation. -nnsresultsinconsumptionofcoagulationfaCorsandDIC. WF also activates tt>eextnns.c 
pathway and may contribute to fliese coagulation abnormalities. 
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I0W81 Different metabolism of the arachidonic acid cascade are also kno,™ to cause 
vasodilatation (prostacycUnes). vasoconstriction (thromboxanes), platelet ag^gation. or neutrophil 
activation. Ine.perimentaIammals,inUbitingcycloK,xygenaseor,hromboxa„esyn.hasehasprot«^^ 

agai„s,endo.oxinshock.Hevatedlevelsofth,«mboxaneB2CreX2)and6-ketop™staglandinFl(m^ 
end productofpros.acylinmetaboUsm)areprese„t inpatients withsepsis.Anumberof cytokines can 

cause release of mese arachidonic acid metabolites flx>m endothelial cells or leukocytes. 

[01991 I„asimilarfashion,exo.oxinshockmodelD.GalsensitizedBALB/cmicearetreated 

with low doses of TSST-1 or SEB. TOese superantigcns sUmulate the proliferation and activanon of 
a large p«>portion of T-cells. In fact, the T-cell aotivatron induced by these super-antigens can atatost 
be viewed as a polyclonal T cell activation in that T-cells expressing a specific Vbeta famtly are all 
activated through non-antigen-spedfic binding oftheTCmfflCn/ and superantigen (FIG. 14). 

,02001 D-GalactosaminehasbeenshowntobeatranscriptioninhibitorwhichtargetstheUver, 
interfering wim me synthesis of acutephase proteins. Itisbelieved that these acutephase proteins, in 

ftc, help the liver detoxify or deactivate TNFa. In fact D-Galactosamine treatment in the low dose 
endi,toxinorexotoxinmodelsisaccompamedbyTNFamediatedhepa.icapoptosis.D-GaIactosamme 

treannent alone does not result in hepatic apoptosis. and these organ dama^ng effects can be 
neutralized in both low dose models by neutralizing anti-TOF« antibodies (Gutierrez-Ramos et al. 



1997). 



102011 Mice used in sepsis or septie shock expertaKnts: Female BALB/c and SIL mice 
between8.12weeksofagewereu^forallexperimen.s.Tl,eanimalswerehr«ainourftciUtyunder 

specific pathogen-flee conditions according to the protocols described in the Report of European 
Laboratory Animal Science Associations (FELASA) Working group on Animal Health (Uboratory 



Animals 28; 1-24, 1994). 



102021 Injection Protocols: Toxic Shock (TSST-1 & D-Galactosamine) (n=6). 
102031 For the exotoxin model, BALB/c mice were injected with 20mg D-Gala«osamine 
dissolvedinl00Mlsterilesalinesolution(9%)intraperitoneally.Theywerethengiven4MgofTSST-l 

dissolved in lOOM sterile saline solution (9%) injected subcutaneously in two sites approximately .5cm 
below each shoulder blade. Control gnups were injected with eimer 4Mg TSST-1 subcutaneously 
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wiftou. D-Oalacosamine, or .«a,ed wifl. D-GalaCosami„e alone. A group of D-Gala^osa^ine 
s«sifeedBAIB/omice«ereal»pre-trea,«di.p.wi*700mlR-Pfor3day.brfbrethe«ato«,.of 

TSST-1. LPS model (0=6) 

102041 For the endotoxin model, BALB/c and SIL mice were treated i.p. with 600 LPS. 
Control ^oupsweretreated only withPBSi.p.To.e.ttheeffeetofm-P,wealsopre..reatedBALB/c 

and SJL mice with 700 lU for 3 days and then mjected with 600 of IPS. Mo«over, a group of 
BALB/c mice was also pre-treated with IR-U fra^ions (IRUl, m.U2, IR-U3-5). each with the same 
doses of 200 Hi i.p. for 3 days and then injected with 600 ng of LPS. 

,02051 to order to test low molecular weight fraction, we tested IR-U/LMDF (which also 
eontams IR-US l<10Kda) fraction), 1R-P3 (obtained by med.od 3), IR-A and 1R.A3 (obtained by 
methods), and their fracHonsobtainedbyme.hod4foran.i.shockaedvity.l,addition, we also tested 

U^frac,io„sfrompeptidecolunm(Fl-3)fbranti.shockactivi,y(methodsareshownelsewheremth.s 
document). We also treated BALB/c mice with 700 lU IR-P twice i.p. after 1 and 2 hours of injechon 
with LPS, respectively. 

[02061 Semi-Quantitative Sickness Measurements: Mice were scored for sickness levels 

using the following measurement scheme: 

Percolated fur, but no detectable behavior differences from normal mice. 
Percolated for, huddle reflex, responds to stimuli (such as tap on cage), just as active during 
handling as healthy mouse. 

Slower respond to tap on cage, passive or docile when handled, but still curious when alone 



1 

2 



4 



in a new setting. 

Lack of curiosity, little or no response to sthnuli, quite immobile. 



5 Labored 
sacrificed) 



breathing, inability or slow to self-right after being rolled onto back (moribund. 



[0207] WBC and Platelets Counts: 1 00 ^lofblood was obtained from 2 randomly selected 
miceper group utilizingatail bleed method atthe 24 hourtime-pointfromTSST-l model. Whole 
blood was collected in EDTA tubes and analyzed in an automated blood hematology analyzer. 
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10208) DATA ON SHOCK 

102091 animalsandtr^ttnents: 8- 10-wk-old female BALB/o mice obtained ftom Harlan were 

^ in Ms smdy. Aninids were killed ^ livers and ^leens were excised for flMher smdy as 
i„dioa«dbelow.Mousehandlingande.perime«.alproceduresw»econductedi„accordancew,.hme 

American AssociaMonofAcoreawionofl^toryAnimalCareguidelinesforanimalcareand 

102101 mjecion protocols: LPS ftom EMU. coll (Sigma Chemical Co) was 
aaminis.eredin«peri.oneallya.,50m^gfortohi^-doseLPSshocknKKlel.To.es.*eeff^^^^ 
IRmicewerepr^ttea.edwiU,IR-P(PREONYL;0,gano„;Oss,Tl,eNeterlands)andi.sfrac«ons,IR. 

pi' IR-P2 IR-P3 and with IR-A3 (APL; WyeU. Ayerst, Philadelphia, PA, USA) for 3 days (t = -3, t = 
.2'. = .l)'eachwiihthesamed„seof200mgi.p.andthenLPSwasinj«.eda.^h.Agroupofm,ce 

wis also treated with K-P or De«me««sone twice i.p. after 1 and 2 ho^s of injecdon wrih LPS, 

respectively. 

[02U1 Blood .est. From each group blood was withdrawn by a tail bleed of 3 mice at each 
time point(^.72h,-lh and 48 h)andpooled for routinemeast^entofleukocytes, platelets, plasma 

enzymes LDH, ALAT and ASAT. Mice were then sacrificed and liver and spleens were excised and 

Studied as indicated below. 

[0212] Transplantation model: 

102131 AnimalsandtreatmentlnordertodeterminewhetherlR-Pisabletoprotectallograft. 
wetrea.edBALB/cmice(n.5)wi.h6001.U.m.P/dayi.p.orPBSfortwodays.Onday3,««lskm„f 

C57BU6 donors was graft«i to the dorsal thorax of IR-P or PBS treated BALB/c recipients nsmg a 
modification of the method of Billingham and M«iawar. Grafts were considered rejected when no 
viabledonorsld„A,airwasdetectable.After^lan.ation,m-Ppre..rea,cdBAIB/crecipiente^ 

treated for an additional two days. 
[02141 EAE model (MS) 

.02151 Inductionof EAE. 8-12 week-old female SJL mice (n=5) were immunized s.c. w,«h 
50ml (0.5 mg/ml) of PlP-peptide a, four different places 0=0). After 24 hours, 10'» Bordetella 
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pern.ssiswastojec.edi.v.m.ail.S»bsequen.ly,after72(rt)ho»rsmioewereagamtomu^ 
Borde«llapermssis.F»n.day7.mice«erewd^.edandcUmcalsig»sofEAEw«egradedM^ 

a scale of 0 to 5 as follows: 
EAE score symptoms 
0 no signs 

0 5 paresis or partial tail paralysis 

1 complete tail paralysis 

2 paraparesis; limb weakness and tail paralysis 

2 5 partial limb paralysis 

3 complete hind or front limb paralysis 

3 5 paraplegia 

4 quadriplegia 

5 death 

1,2161 IR «a«.=n.: A ^up of mice were also tteated from day 8 with 600 1.U. IR-P/day 
,p.to=an.esaweek for ^.o weeks. wUle^nttol group was seated wiU, same votameofPBS. 

[02171 Streptozotocin model: 

102181 Streptozotoein injeotiona. For multiple dose streptozotocin (MD-STZ) model, 25 
mg*gofSTZ(Si^a)wcredissolvedit,dtratebufler(pH4.2)and injected intraperitoneallywtthm 

5 mi. of solubilization as de^bed previously. Male mice were injected on 5 consecutive days 
(experiment day 1 fltrou^ day 5) at 6-9 weeks of age. After 5 o,ns^utivc days of STZ. mice were 
^ wift IR-P (600 1.U. i.p.) (n-S) or citrate buffer (n=5) four times a week for three weeks. For 
high dose streptozotocin (HD-STZ) model, hyperglycemia was induced in mice by a smgle 
intraperitoneal inj«=tio„ of streptozotocin (160 mg/kg). Mice in the control ^up received a 
corresponding volume of citrate buffer alone. 

[02191 Results 

102201 hCG fraction preparation and characterization. Gel filtration of the solution of 1 
or2vialsofcommerdalgradehCG.PREGNYL(5,000IU/vial)wasperfomiedonaPh^^^^^ 
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vLe was 1 ml. Tl.e flow ra.e was 0.5 ml/min for 45 min followed. . minute flow of 0.2 
^„a3implem».edbeca»s.offl>evisc„si,yoffl.ecommercialgradehCGsol„«on^^^^^^ 

la^ose content hCG and a very low amotmt hCG c«e ftagment were present m the relaf vely 
purified PREGNVLpreparationofhCG and thefcpositionswerensedasi„ten,a. size maA».b^^ 
elutedas78kDamolecdesandthehCGP^..«.edas.9kDamole»lesongelfil.ration.T^«ewe« 

,.5 fracHons collected whereby fiacdon 1-2 «.n,ained hCG a™i ftaction 5 oon.«n«i the hCG (-core 
fta^ents,.Frac.ion^2andfiac..on3-5were tested for anti-diaMioeffectby treating,™ 
sp,eencells„f20.wk.o.dNODandtranstemngthemin.oNOD.scid.ta«^sway,hnmanrecombmant 

hCO, a-hCG, and p-hCG (Sigma, St. Ix,ms, MO. USA) were also tested. 

102211 Gel permeation of IR-C ».d IR-P: FIG. 15 represents a FPLC chromatogram of 50 

.lofundnmedlR-Usample. -n^ranningbufferwasPBS. -n.eohromatogramindic^«4n^orp«^ 

at 70 37 15 and 10 kDa. To identify ftese peaks, a satnple of 500 ^1 (containing 5000 lU) of IR-P 
(PREGNYL)was appliedonthesamecolunmunder Similar runningconditions.Tl..proffl.obtained 

U ,6) displayed also these 4 peaks although the ratios were different. Peak fraction 2 repres«,ts 
(a.phaA,eta,heterodim.rhCG(37kDa) while fh^tionSr^resents individual chains, homodrmersof 

11 chains or beta-core residual chains and „th« moires (15-30 kDa). From these results we 
concluded tha.firsttrimester«rinecontai«sthesame4majorproteinftactionsthatarea.so^^^^^^^ 
c„mmercialhCGpreparat.o„.asc„u.dbeexpected.Wenemedthemas(lR.Pl,n..P2,,^^^^^^ 
nR-UlIR-U2,m-U3-5tpool=d]).Frac,i„n5c„ntainsn„proteinorp,oteinlessth.nl0kDawer^t 

M addidon, overtapping fraction, 2 and 3 were se«, in IR-P as weU as in IR-U which suggested 
covalent bmding of protein species present in these fractions. 

(02221 Anion exd.«.ge chronu.togr.phy and further treatment of IR-U and IR-P: 
,02231 Further separation of the overlapping ftacdons 2 and 3, was done on a 1 ml MONO 
eHR5/5a„ionexcha.gec„lumn.FIG.17representsachromatopan,of50.1ofIR-Usamplediluted 

,.20 in PBS. TWO major protein peaks eluted at 43% and 55% buffer B, but were not separated 
suggesth.gcovalentbindingbe.weenflre.pro.einspec,es.EvenusingadisconfinuouseluUon^en^ 
«i,ha50%bufferBh„lddidnotresultinseparatio„ofthesepeaks(data not shown). Therefore, we 
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e„„cl«deda^ionexchangeohroma,o^phycould„o.beus^for««*erp«rifioa«o. 

bi^g of protdn spedes present in the orine sample. 

,0224, To r^ce the presumed covalen. binding between the important protetn spectes 
p^.inthen.-Usamp.e.«etrea.«l.hesamp.ewith60mM2.mercaptoe.hano,for3minatl^^ 

and the sample was then applied to the SUPERDEX 75 column under identieal eon .Uons. FIG. 
represents the elution profile showing th^ peak 1 (70 kDa) remai.» present (see also FIG. 5- 7). 
faction 2 (reptesenting hCG, 371cDa) nearly disappeared and resulted in n»o new p«ks of a low 
mol.cdarweight(<101^a).Peak3remainedpresentand.th^foreaslike.,tocontain,sola«^^^ 

^andmonomericprotei«sisexcess.Peak4(10kDa)alsodisappear«lduetothereducmgtrea^^ 
,,225, Asimilarrednci«g^.tmen.was.pplied.oasampleofm-P(PREGNYL). Ltothe 
profile of the m-U s«nple also treated, hCG (FIG. 19) displayed the d^ in peak 2, increase m 
peak 3. while a new protein peak appeared between peaks 1 and 2. Moreover, an increase m the 
breakdown product peak (<10 kDa) was apparent. 

102261 Transfer experiments: 

[0227] Total spleen cells were recovered from 9-wk-old NOD and stimulated in vUro m 
KPK«.supplementedwith.0r.FBSwi.hcoat«ianti-CD3(145-2cn;25mg/ml)andlL-2(^^ 
alongwi*300IU/mlIR-P.l«)mgMIR-U3.5orIRU/lM>F. Plates were then. ncubated at 37 Cm 
5o/.ofCO,nairfor48hrs.After48hrs.ce«sw«e.wioewa*edwithPBSand20x.O'ceUswere,.p. 

transferred into an 8-wk-old NOD.scid mouse. 

,02281 in viv» «.d^.bede effect of IR: Four 15-wk-old NOD female mice (n=4) were 
,rea.edwithPBS,300mPREGNYL.or600IUPREGNYLtot«peritoneally,3.imesaweekfor^ 
weeks Afterthetreatment.allmiceinthePBSgroupwerediabe.ic (blood ^ucose>33mmoUl),they 

lost weight and looked uncomfortable, while the 300 lU PREGNYL and 600 nj PREGNYL ^oups 
remained ftee of disease. TT^eirblood glucose levels never exceeded 6 mmolA and they looked v^ 
healthy(FIG. 1 and3). h, order to assess possible infiltrations and intact insulin-produdng cells m the 
panceas.micefiomthePBSandthe600mPREGNYL^oupswerekiUedaftertreatment^ent« 
p,ncre.tawere«movedforimmu«oWstoch™istryfori„sulin.Pancreassectionsfh,m.hePBSg«>up 
Lwedmanyinfiltratingcells inthepancreasandtheseccllspenetrated the islets. There werealsoa 
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we number cfB-lymphocytes andT.lymphocy.es present inftepan^eataofftePBS-^^ 

finding was consist witt. our other finding of an elevated ratio of splenic CD8/CD4 cells due «> a 
seleotivered„ctionin.hen»nber„fCD4. cells andadecreaseinmenumberofBlymphocytesmth. 

spleen of the^ mice (data no. shown), to Ae 600 lU PREGNYL ^up, pancrea.a were free of 
infiltration and, surprisingly, a number of new insulin-producing isle« were seen, "mere was also a 
decreasein.henumberofB-lymphoctesandT-lymphoctesinthepancreas,whichwasconsis.en,w,fl, 

normal levels of the CD8/CD4 ratio and tte number ofB-lymphocy.es in spleens of ftese mice. 
Mice from &e 300 lU PREONYL group were kept alive until tf.e age of 28 weeks. TKey appeared 
healthy,didnotlosefl.eir weigh, and never had blood ^ucose levels abovc8mmolA (FIGS. 1 a»13). 
toununohis»chemis.ryforti»presenceofinsulinwasalsoperformedTherewcrestillinfitea.ingcem 
presen.andsomeinsulin.p,odueingisle«inti>epancreas.Tl.esemiceweretrea.edforfour«eeksw,tt. 
PREGNYLalongwi«..he600IUPREGNYLgroupand<h»«wk20unttl 28 they wereleft untreated. 

,0229] toorder.ode.enninewhett,erftespleenceUsof.reaKdanduntteaKdNODmicestill 
hadti,epo,entialtoinducediabetesinNOD.scid,we.ramfe,redsple»>cellsfrom*ePBSandU»600 
n, PREGNYL group intoNOD.scid mice. 22 days after «ansferring.ftePBSNOD.scidgroupw«e 

positive for diabetes and wiflun a week tt.ey reached a blood glucose level above 33 mmoW, wtale 
NOD scid mice raving spleen cells from U.e 600 lU PREGNYL ^oup remained nomral (blood 
glucose <7 mmol/l). 7 weeks afler transferring, tt.e PBS group looked very uncomfortable (FIG. 2), 
whtle the 600 lU PREGNYL NOD.sdd group still had blood glucose levels less than 9 mmoW and 
remained healttiy. Mice fix.m boft groups were killed at tins time. 

102301 mv/wrestimulation. SincehighlevelsofIFN-r,ll.l,andTNF-alphawerereported 
during the course of disease in NOD and this cytokine profile fits inaselective activation of them 
subse, we tested in vUro tte effec of PREGNYL on cytokine production by total spleen cells and 
purifi^l CD4+ cells from 20-wk.old NOD femde mice. h. order to assess whett,er fte anti-diabetic 
efreCresidesinhCOorinoneofi«subum«orinott«rfac.orseo„.ainedinthepreparationused,we 

also.es.edtheeffeCofdiffaentfractionsobtainedbygelpermeaaonchroma«,graphyftomPREGNYL 
(FIG njandhumanrecombinanthCGanditssubunitsoncytokineproduction. Tl.e effeC of these 
fractions were also .es,ed in vivo on blood glucose levels in reconstiWed NOD.scid mrce. 

102311 We observed a sttong inhibition of IFN-T production by spleen cells obtemed from 
mice tica.ed witt. 50-600 lU/ml of PREGNYL, F3-5 (58-15 KDa) and .0 a lesser extent wiA human 
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r«„„,b»w.t-PCG (Fm 4-6). There was only a moderate increase to IFN-i, production splenocytes 
ftom mice treated with 800 lU/ml PREGNYL. A similar pattern was observed when analyzmg IL^ 
production (FIG. 5). In addition, a marked inhibition of IL-i and TNF-alpha production was obs^ed 
in stimulated splenocytes ftom mice treated with 300-600 lU/ml PREONYl, with a concomitant 
stimulation of IW and IL-10 production (data not shown). 

,02321 Furthermore, transfer experiments showed that total spleen cells of 20-wk-old NOD 
mice treated with F3-5 or 600 lU PREGNYL can delay or even prevent the onset of diabetes m 
NOD scidascompared.oreconstitution„i.hPBS.reatedNODceUs(FIG.7). However, no significant 
effect was observed wilhFl-2(80-70KDa)on are onsetof diabetes i„NOD.scid mice. Inorderto test 
whether PREGNYL also has an effect onTh2 type mice, we t,^edBAIB/cmice(n.5) with 300 lU 

PREGNYL i.p. for four days and with PBS (n-5). After isolating CD4+ ceUs ftom spleens, we 
stimulated them with anti-CD3/IL.2 for 48 hours and the supematants were collected for the 
determination of IFN-, and IL.4 cytokines. We also treated CD4+ cells witt. different doses of 
PREGNYL. Subsequently,thesupematantswerecollectedforcytokineanalyses. Here was a marked 
inhibition of IFN-T and a concomiunt stimulation of lL-4 found in CD4. cells stimulated with anti- 
CD3/1L.2 only Cn.l->Th2), while the inverse was seen in CD4+ cells treated in ^,ro with different 
doses of PREGNYL (Th2->Thl). 

[02331 Antt-dtabetic activity of IR-U/LMBF 

[02341 to order to test the anti-diabetic activity of IR-U/IMDF (<5Kda), we treated 
diabetogenic cells ,„ vitro wifl, this ftaction and with PBS (cont„,l). Transferring of these ceUs into 
NOD.scidmicerevealedfhatrecons«m.edNOD.scidmicc Witt. IR-U/LMDF-treatedceUshad delayed 

onset of diabetes as compared to the control group (n=3). 

[02351 To determine the effect of IR on the potential of CD4+ cells to differentiate into Thl 
eytokine-producingeffector cells, ttteThpolarization assay was perfonned in thepre^ceor absence 

ofIR WealsotestedrecombinanthCO(rhCG)andbet..hCGinttusThpolarizationassay. Astrong 
inhibition of IFN-gamma was found with IR-P and IR-U/LMDF on CD4^ ceUs polarizing towards ttte 
Thl phenotype (FIG. 28). There was oriy a moderate inhibition of IFN-gamma production observed 
with recombinant beta-hCG and no effect was seen with recombinant hCO (FIG. 28). 
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[0236] TodetermmewhetherIR-P3neededanadditto„al&ctor,sud.ashCG,to«certits&ll 
aoavi.yweaIsotteatedNODmio.wi«>IR-P,i.sftactionIR.P3.rhCGandIR-P3inoombina«o„v«th 

rhCG aid ten ™ poison was perfa„«l. FIG. 64 shows to. IR-P inhibited fte production of 
ffN-gan™.infl.e™polariza«onassayandiherebyinWbi.edfl.eo«.rowd.ofThlceUs under 

polarising condition,. TTere was moderate inhibition of the TM polarization found witi, IR-PB and 
rhCG alone, while theout^wfl^of™ cells was completelyblockedwiththecombinationofrhCG 

andIR-P3(FIG.64). 

102371 We also stimulated spleen cells from these IR treated mice with anti.CD3 and then 
at differen.«mepoin.s.IFN.gammaandIWOproduc«on was measured. FIG. 65 showstha..>.v,v<, 

treatment with IR-P, and its fractions IR-Pl, IR-P2. inhibited tt.e in v,Vr» a„«-CD3 stimulated IFN- 
gammap,oductio„,whileamodera,eincreasemIFN-gammapr«l«ctionwasfoundwith.hCGandIR- 

P3 to addition, fraction IR-P3 in combination with thCG was able to inhibit the production of IFN- 
^ (FIG. 65). We also measured anti.CD3 stimulated IHO ptoduction (t^8) in splenocyt. 
c„l.uresof.hese,»v,,».rea.edmice.F,G.67showsti.tallfractions(ni-P,m-Pl,K-P2,IR-P3)were 

able to increase the production of IL-10. 

[02381 Since IR and its fraction promote antt.CD3 proliferation of splenocytes in vUro. and 
toorderto know a.eeffec.of.>,v.v„ treatment wittilRonanti-CDSstimulatedproliferationm^ 
we also measured theMti-CDSstimulatedptoUftrationofsplenocytesobtainedfromtheselRtreated 
miceatdifre«nttimepoints(.=12.24,48h).FIG.66shows.hatanti-CD3stimula.edsplenocy,esfh,m 

NOD mice treated witi. IR-P, and IR-Pl have a smaller capacity to proliferate in vitro. Furtt.ermore. 
sple^-cytes from IR-P3andrhCG treated mice showedahi^er capacity to proUferateascomparedto 
,hePBStteatedco..rolmice(CrL),whileIR-P3.incombina,ionwiU>rhCG,caused.hesamc decrease 

in proliferation as IR-P. Moderate effect was found in fl.e anti-CD3 stimulated proliferation of 

splenocytes fi«m 1R-P2 treated NOD mice. 

,02391 AS mentioned above, dominant 11.1 polarization causes a B-cell switch from IgM to 
,gG2a production under the influence of massive production of IFN-gamm. Therefore, we also 
measureaigG2aproductioninLPS stimulated splenocytes obtained fromlRtreat^dNODmice. FIG. 

68 shows a.at LPS stimulated splenocytes from IR-P. K-P. and IR-P3 treated produced in .i.ro less 
,gG2a. whUe moderate inhibi«onofIgG2awasfo«ndwiflrIR-P2.FurU.ermore,rhCGtreati„cnt was 

not able to decrease the production of IgG2a while, in combination witi. IR-P3. it did (FIG. 68). 
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[02401 GM-CSF STIMULATED NOD BONE MARROW CELLS: 
[02411 In order to determine the effect of IR on the maturation of dendritic cells (DC) from 
thebonemarrow.weculturedbonemarrow cells from 8-wk-oldNODmicefor7days in thepresence 

ofGM-CSF. Undertheseconditions,theoutgrowthofDCfrombonemarrowismorethen90o/o. When 
we co-cultured DC in the presence of GM-CSF and IR-P for 7 days, we observed that all DC treated 
with IR were less mature than control DC treated with GM-CSF only. This was concluded from the 
decrease in cell surface markers CDld, ER-MP58, F4/80, CD14, and the increase in CD43, CD95, 
CD31 and E-cad (FIG. 29). Moreover, no change was observed in cell surface markers ER- 

MP20/LY6C, MHC I and H (FIG. 29). 

[02421 hicontrast,whenDCwereculturedwithGM-CSFfor6daysandatday7co-cultured 

with300nJ/mlIR-Porl00mg/ml(FIG.30)ofIR-U/LMDF(FIG.31)foranadditional24hrs,theDC 
becamemorematureandcouldfunctionbetterasAPCTluswasconcludedfromtheincreas^ 
CD40. CD80, CD86, CD95, F4/80. CDl Ic and MHC II cell surface markers (FIGs. 30 and 31). 

[02431 BALB/c polarization assay: 

[02441 hi order to test whether IR also has an effect on Ttil phenotype mice, we tested IR-P 
andni-U/LMDFinBALB/cmice. After theIRtreatment,weisolatedCD4+T-cellsinthepolarizati^^ 

assay Polarization assays revealed that CD4+ T-cells from IR-P and IR-U/LMDF freated mice have 
less ability to produce IFN-gamma (FIGs. 32 and 33), while these cells produced more IL-4 as 
compared to cells from PBS-treated mice (FIGs. 34 and 35). ms suggests that due to the in vivo 
treatment with IR, T-cells are shifted more towards TTi2 phenotype. CD4. T-cells from PBS treated 
and IR-P mice treated with different doses of IR-P showed an increase in IFN-gamma (FIG. 36) and a 
decrease in IL-4 (FIG. 37) production, which suggests a shift towards the Thl phenotype. hi order to 
determinewhetherashiftofCD4.T-cellstowardstheTh2phenotypeisII.10orTGF-betadependent, 

we also added anti-IL-10 and anti-TGF-beta in the polarization assays of CD4+ T-cells from IR-P 
treatedmice. ™s caused an increaseoflFN-gamma production under Thl polarization conditions^ 

IR-Pfreatedmice cells andofIL-4productionunderTh2 polarization conditions supportedbyanti-I^ 
10 addition (FIGS. 38 and 39) which suggests an involvement of IL-IO in Thimi2 polarization with 
IR-P Furthermore, no big differences were seen of IL-4 and IFN-gamma production in Th2 and Till 
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polarizationconditions with anti-TGF-beta/nv/^ro treatment (FI^ 

IR-P treated group. This proves that due to the IR treatment, IL-10 and TGF-beta are involved. 
Moreover, purified CD4+ ceU from IR-U/LMDF produce more TFG-beta then the cells from control 
mice (FIG. 43). When anti-IL-10 or anti-IL-6 was added in both cultures, CD4+ cells from control 
group mice produce more TGF-beta than IR-U/LMDF treated group. This suggests an involvement of 
IL-6 and IL-10 in TGF-beta production. This is consistent with our data which shows that LPS 
stimulated spleen cells from IR freated mice produce a high level of IL.6 (FIG. 45) as compared to 
control mice. 

[02451 Spleen cells from mice irradiated with UVB also produced more IL-10 and induced 
suppression of Thl cytokines. LPS and anti-CDS sthnulation of spleen cells from these mice revealed 
they are less capable to proliferate. We also compared the LPS and anti-CDS stimulated proliferation 
of spleen cells from UVB and IR treated BALB/c mice. Reduction in LPS and anti-CD3 induced 
proUferation was observed after culture of splenocytes from UVB treated BALB/c mice (FIGs. 46 and 
47), while IR or combined treatment by IR and UVB-irradiation treatment increased the LPS and anti- 
CD3 stimulated proliferation (FIGs. 46 and 47). 

[02461 IL-10 KNOCKOUT MICE Results: 

[02471 In order to determine whether this change in LPS and anti.CD3 stimulated 
proliferation is IL-10 dependent, we freated IL-10 knockout mice with IR-P or UVB. No change in 
proliferation pattern was seen in anti-CD3 stimulated spleen cells when UVB-irradiated and IR-P 
treatedBALB/cmicewere compared (FIG. 47), whiletheinversepattem in proliferation wasobserved 

in anti.CD3 stimulated lymph node cells as compare to UVB-irradiated BALB/c of both groups (FIG. 
49). TWs shows that thedecrease in anti-CD3stimulatedproliferation after UVB treatment or i 
inproliferation after IR-Pfreatmentofspleen cells is notcompletelyIL-10dependent,wMletMs is tm^ 
for anti-CD3 stimulated lymph node cells. When the LPS stimulated proliferation of spleen cells was 
evaluated at 48 hours, we observed an increase of proliferation in the UVB and IR-P freated groups as 
compared to thecontrol group (FlG.51),whileadecrease in proliferation was observed in both groups 

at 72 hours of proUferation (FIG. 50). 

[02481 In order to determine the influence of in vivo UVB or IR- P-freafrnent on the 
percentage of positive cells for CD4, CD8, B220, M5/1 14 cell surface markers, we performed flow 
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cytometry analysis on lymph node cells and spleen cells. Reduction in B220 and M5/1 14 positive cells, 
and an increase in CD4 and CD8 positive cells was observed in the lymph nodes of IR-P-treated IL-10 
knockout mice (FIG. 52), while an increase in CD4, CD8, B220 and M5/114 positive cells was 
observed in the spleen (FIG. 53). In the UVB treated group, an increase in CDS positive cells and a 
decrease in CD4, B220, and M5/114 positive cells was seen in lymph nodes (FIG. 52), while no change 
in cell markers was observed among spleen cells, except for a moderate increase in CD8 positive cells 
(FIG. 53). 

[0249] GM-CSF STIMULATED BONE MARROW CELLS Results: 
[02501 hi order to determine the effect of IR on the maturity of dendritic cells (DC) of the 
bone marrow, we cultured bone marrow cells from BALB/c mice for 7 days in the presence of GM- 
CSF. m this way, the outgrowth of DC from bone marrow is more than 90%. When we co-cultured 
these DC in the presence of GM-CSF and IR (IR-P, IR-U, IR-U3-5, IR-U/LMDF) for 7 days, we 
observed that all DC treated with IR were less mature than control DC treated with GM-CSF only. This 
was concluded from the decrease in cell surface markers CDld, CD40, CD80, CD86, ER-MP58, F4/80, 
E-cad and MHC H (FIG. 54). Moreover, a moderate increase in CD95 was observed (FIG. 54). hi 
contrast, when DC were cultured with GM-CSF for 6 days and on day 7 the culture was supplemented 
with 300 lU/ml IR-P or 1 00 mg/ml IR-U (IR-U, IR-U3-5, or IR-U/LMDF) for an additional 24 hrs, they 
becamemorematureandcouldfimctionbetterasAPC. This was concluded from the increase in CDld, 
CD14, CD40, CD80, CD86, CD95, ER-MP58, F4/80, RB6 8C5, E- cad and MHC H cell surface 
markers (FIG. 55). 

[0251] ALLO-MLR Results: 

[0252] In order to test the immunosuppressive activity of IR for instance, for transplantation 
purposes, we also performed allo-MLR with BM cells from 9-wk-old female BALB/c as mentioned 
above and cultured with GM-CSF (20 ng/ml) and IR (IR-P, 300 lU/ml; IR-U, 300 mg/ml; IR-U3-5, 300 
mg/ml; IR-U/LMDF, 300 mg/ml) for 7 days. After 7 days these DC were irradiated (2,000 rad) and co- 
cultured in various ratios with splenic CD3" cells isolated from 9-wk-old female C57BL6/Ly. T-cell 
proliferation was measured via [^H] TdR incorporation during the last 16 hrs in culture. ProUferation 
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data shows that IR treated DC in all DC versus T-cell ratios tested are able to suppress proliferation 
(FIG. 56). 

[02531 Anti-shock activity of IR-U/LMDF, IR-P3, IR-A3: 

[0254] Lower molecular weight fraction of IR obtained by purification method 2 
(IR-U/LMDF) had also anti-shock activity (FIG. 57) and mice treated with this fractionr«^^ 
We also tested all three fractions obtained from sT TPFR DEX®peptide, IR-P3, and IR-A3 for anti-shock 
activity. The method for this activity screening is mentioned elsewhere in this document. Our results 

showedthat all threefractions from thesUPERDEX®EeEt^ 
while IR-A3 had low to moderate activity (data not shown). 

[0255] Purification by Method 3 : 

[0256] FIG. 1 00. shows macrosphere GPC 60A chromatogram of an IR-P sample. 

[0257] Three selected areas were fractionated, IR-Pl which elutes apparently with molecular 
weight of >10 kDa, IR-P2 which elutes apparently with molecular weight between the 10 kDa-lkDa, 
and IR-P3 which elutes apparently with molecular weight <lkDa. All these activities were tested for 
at least anti-shock activity and they all had anti-shock activity (shown elsewhere in tiiis document). 
FIG. 101. shows macrosphere GPC 60A chromatogram of IR-P and IR-A sample (500 lU of each 
sample was injected with a same injection volume). The results revealed that IR-A contains large 
amount of IR- A3 fraction as compared to IR-P3 fraction in the IR-P sample. We have tested flie same 
amount of IR-A and IR-P for their anti-shock activity. 

[0258] The results revealed that IR-A had low to moderate anti-shock activity compared to 

IR-P (results not shown). 

[0259] Purification by Method 4: 

[0260] Pooled urine was obtained from pregnant women during the first tiimester of their 
pregnancy. After desalting on a FDC column in an FPLC system and employing 50 mM ammonium 
bicarbonate as the nmning buffer, tiie pooled low molecular weight fractions (LMDF; <5 kDa) were 
lyophilized. The LMDFsample(13-17mg) was suspended and applied onaBio-GelP-2column using 

water for tiie elution. The elution profile was segregated into 8 different peaks and tiie poled fractions 
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weretestedforbioactivityintheLPS.inducedsepticshock(methodmentionede^ 
Based on the inhibition of LPS shock, the activity was located in fractions Ic ("?"), n, ffl, VI, and VH. 
These peaks comprised elution volumes between 40-45 ml (peak Ic "?"). 45-50 ml (peak IH), 60-65 ml 
(peak VI) and 65-70 ml (peak VII) (FIG. 97). 

[0261] A sample of IR-P (PREGNYL) was applied on the Macrosphere GPC 60 A column 
and eluted with ammonium bicarbonate. Hie third peak fraction (FIG. 100) (IR-P3) was pooled and 
applied on the Bio-Gel P-2 column and eluted with water into various peaks. Testing for activity in the 
LPS shockmodel revealed that the activity waslocatedin the fractionslocatedbetween the elutiontime 

of7 and 9 hours (FIG. 98). 

[02621 A sample of IR-A (APL) was appUed on the Macrosphere GPC 60 A column and 
eluted with ammonium bicarbonate. The third peak fraction (IR -A3) was pooled and applied on the 
Bio-Gel P-2 column and eluted with water. Testing for activity in the LPS shock model revealed that 
the activity was located in the peaks 2, 3 and 7. These peaks comprised elution volumes between 105- 
1 15 ml (peak 2), 1 15-120 ml (peak 3) and 160-1 80 ml (peak 7) (FIG. 99). 

[02631 in vivo anti-sepsis or septic shock effect of IR 

[02641 Survival Curve: The most striking results from this experiment are the black and 
white differencesbetween those animals treated with IR-Pprior to TSST-landD-Galfreatmentvers^ 

those that were not (FIG. 20). This is evident in the survival curve obtained from this experiment. 
Whilea4A/gdoseofTSST-l coupled with D-galactosaminesensitizationwasl00%lethalby32hours; 

animals pre-freated with IR prior to TSST-1 exposure did not succumb to the effects of lethal toxic 

shock. 

[02651 LPS-freated BALB/c mice and SJL mice revealed different sensitivity to LPS. 600 /ig 
LPS was 1 00% lethal by 48 hours and 36 hours in BALB/C and SJL, respectively, while IR pre-treated 
BALB/cand SJLmiceremained alive. Wealsopre-treatedBALB/cmicewithlR-U fractions, namely, 

IR-Ul, IR-U2 and IR-U3 -5 [pooled] and then freated with LPS. These experiments showed that IR-Ul 
and IR-U2 pre-treated mice were very sick by 48 hours and were killed along with LPS group. 
However, mice treated with 1R-U3-5 remained alive. 

[02661 A group of BALB/c mice were treated twice with 700 lU IR-P after the injection of 
LPS. The control group mice (only LPS) were killed after 48 hours because of their severe sickness. 
Mice treated with IR-P remained alive, except two (2/6) mice were killed at 60 hours time point. 
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[02671 Illness Kinetics: Visible signs of sickness were apparent in all of the experimental 
animals, but the kinetics, and obviously the severity of this sickness were significantly different. IR-P 
pre-treated BALB/c mice group did not exceed the sickness level 2 in TSST-1 exotoxin model (FIG. 
21) and also in LPS endotoxin model in addition to IR-U3-5 pre-treated mice. IR-P pre-treated SJL 
mice and IR-P post-treated BALB/c mice in LPS model did not exceed the sickness level 3. All mice 
in both models were killed when they exceeded the sickness level 5. 

[0268] Shock Induced Weight Loss in TSST-1: IR pretreatment also resulted in 
significantly reduced weight loss of survivors of toxic shock. Weight loss data firom this experiment 
was combined with that from another experiment which followed identical illness kinetics (data not 
shown), but resulted in two survivors of the 4ug TSST-1 &D-Gal without IR pre-treatment group. (FIG. 
12.) 

[0269] When this weight loss data was statistically analyzed using a 2-sample T-test (usmg 
Minitab statistical software, version 1 1.21), significant differences (P(HO: ^ l=/.2)<0.O5) in weight 
loss were observable at 32 and 48 hours despite low n numbers, indicating an even higher possible 

significance if n were increased: 

Two Sample T-Test and Confidence hiterval Two sample T for weight loss at 32 hours 
(group 1=TSST1&D-Gal; group 2=T&D with IR pre-treatment) 



group 


N 


Mean 


StDev 


EMean 


1 


4 


4.75 


1.790 


0.89 


2 


6 


1.28 


2.22 


0.91 



95% CI for Ml - /"2: ( 0.45, 6.48) 

T-Test //I = u2 (vs not =): T= 2.72 P=O.030 DF= 7 

Two sample T for weight loss at 48 hrs 

(group 1=TSST1&D-Gal; group 2=T&D with IR pretreatment) 



group 


N 


Mean 


StDev 


SEMean 


1 


3 


10.05 


2.25 


1.3 


2 


6 


3.49 


4.41 


1.8 



95%CIforMl-M2:(l.l, 12.0) 

T-Test Ail = u2 (vs not =): T= 2.95 P=O.026 DF= 6 
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[0270] WBC and Platelets Counts: White blood cell levels in blood (FIG. 23) were 
significantly higher in TSST- and D-Gal treatment alone (bar #2) versus WBC counts in regular mice 
(bar #1) and IR-P pre-treated mice (bar #3). This indicates, as expected, a higher level of immune 
activation in the mice suffering from lethal toxic shock. There is still a normal level of WBC in the IR- 
P group. Such a finding also fits our other results, as this group did not show severe visible signs of 
illness. 

[0271] Blood platelet counts (FIG. 24) were also reduced in TSST-1 D-Gal treated mice. 
Elevated platelet counts were seen in IR-P treated mice. 

[0272] Transplantation results: 

[02731 A major goal of transplantation research is the development of strategies to inhibit 
allograft rejection and, even better, to induce allo-specific tolerance. For this purpose, animal models 
have been widely used and it has become clear that skin allograft rejection may be one of the most 
difficult to prevent. 

[0274] MHC-disparate graft loss is inevitable if alloreactivity is not suppressed by 
immunosuppressive agents. Currentiy,mimunosuppressiveprotocolsarebased upon thecombined use 

of multiple immunosuppressive agents which may potentially interfere with distinct steps of the 
rejectionprocess,includingantigenrecogmtion,T-cellcytokineproduction,cytokineactivity 

proliferation, macrophages, NK cells and cytotoxic T-cell. In experimental settings, many drugs and 
monoclonal antibodies(mAb)havebeen and arebeingevaluatedfortheir immunosuppressive capacity. 

Amongthesearemizorbine,RS-61443,15-deoxyspergualin,brequinar sodium andmAb against LFA-1, 
ICAM-1, CD3, CD4 and IL-2R. Cytokines produced by many cell types, such as T-cells, macrophages 
andNK cells, mayinfluencetherejectionprocess. Because of their central role in graft rejection, CD4+ 
T-ceUs and the cytokines they produce have been widely studied in rejection and acceptance of 
allografts. CD4+T-lymphocytes can be subdivided mto at least two subsets, Thl and Th2 cells, based 
on their cytokine production pattern. Thl cells, which produce IL2, TFN-gamma and TNF-beta, play 
a role in delayed type hypersensitivity (DTH) reactions and cellular cytotoxicity, whereas Th2 cells, 
whichproduceIL-4,IL5,IL-6andIL-10,areeffectivestimulatorsofB-cell differentiation and antibody 

production. These two Th subsets can regulate each other's proliferation and function. While IFN- 
gamma inhibits Th2 cell proliferation and antagonizes IL.4 effects, IL-10 inhibits Thl cytokine 
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production. There are indications for the existence of regulatory T-cells which can also regulate these 
twosubsets. GraftrejectionisthoughttobemediatedbyThl cells that may stimulate DTH and CTL 
activity. On theother hand, suppression of alloreactiveThl cells may lead to graft acceptance. 

[02751 hnmunosuppressionmaybeachievedbyneutralizingpro-inflammatorycytokinesby 

administration of anti-cytokine mAb or soluble cytokine receptors. Alternatively, "skewing" of T-cell 
differentiation towards oneoftheThsubsetscanbeacWevedbyvaryingthecytokineenviromnent.FOT 

example, IFN-gamma (Thl, NK cells) and IL-12 (macrophages, B-cells) promote Thl cell 
differentiation, whereas IL-4 (Th2) enhances Th2 cell development. Changing the in vivo cytokine 
enviromnent by anti-cytokine mAb or cytokines, may have a similar effect. Moreover, induction of 
regulatory cells like Th3 and Trl and like DCl and DC2, also reduce transplant rejection and induce 
tolerance for graft. 

[0276] Results: Treatment of BALB/c recipients with IR-P prolonged C57BL/6 skin graft 
survival as compared to the untreated control group. The control recipients rejected skin graft within 
12 days (FIG. 95) while IR-P treated recipients were able to prolonged the graft until 22 days after 
transplantation (FIG. 96). FIGs. 95 and 96 show one such prolonged graft (picture taken on day 1 9) due 
to the IR-P treatment and a rejected graft from the control mice. 

[02771 EAE Results: 

[02781 Mice treated with PBS only lost weight during the first three weeks (FIG. 77) . These 
mice all had clinical signs of EAE of at least 2 and longer duration of the disease, except for one mouse 
whichremainedresistanttodiseaseduringthewholeexperiment(FIG.78).hitheIRtreatedmicegroup 
there was lessweight loss observed during the experiment (FIG. 79)andtwomicewerefreeofdisease 

^^_;j.g the experiment. Sick mice in this group had maximum clinical scores of 2, had short duration 
of the disease, and recovered faster from EAE symptoms then the PBS freated group (FIG. 80). 

[02791 Results on shock: 

[02801 IR treated mice are resistant to LBS-induced shock: To determine the effect of high- 
dose LPS freatment in IR freated mice, BALB/c mice (n=30) were injected intraperitoneally with LPS 
(ISOmgAcg) and survival was assesseddailyfor5days.PBS-freatedBALB/cmice succumbed to shock 

between days 1 and 2 after high-dose LPS injection, with only \0% of mice alive on day 5 (FIG. 58) 
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. In contrast, 100o/„ of IR-P. or its fractions IR-Pl or IR-P3, treated mice were alive on day 5 (P<0.001) 
(FIG. 58), while groups of IR-P2, IR-A and Dexamethasone treated mice demonstrated around 70% of 
survivors (FIG. 58). 

[0281] Blood test: Major manifestations of systemic response on LPS in shock is severe 
inflammation in organs, leading to organ failure or organ system dysfunction, initially in the liver. 
Wore, we measured enzymes like ALAT, ASAT, LDHl as well as WBC and platelets. FIG. 59 
shows that IR-A, IR-P and its fraction IR-P 1 , IR-P3 have all platelets counts within normal range ( 1 00- 
300 X 107ml., while control, IR-P2 and Dexamethasone treated mice have platelets counts below 
normal range. FIGs. 60-62 show that mice treated with IR-A, IR-P and its fraction IR-P 1 , IR-P2 or IR- 
P3 had relatively low levels of ALAT, LDH 1 and ASAT enzymes in the plasma as compared to control 
anddexamethasonetreatedmice.TheseenzymeswerepresentinWgher concentrations inbloo^ 

shock due to organ damage. These results are consistent with our surviving results (FIG. 58). In 
addition during shock, low numbers of WBC were found in blood because of their migration to the 
sites of inflammation. Our results in FIG. 63 show that mice treated with IR-A, IR-P and its fractions 
have moderate to normal levels of WBC at t=48 hours than confrol and dexamethasone freated mice, 
suggesting weaker inflammatory responses in IR treated mice. 

[0282] Ex vivo NOD/LTJ Results: 

[02831 FIG. 64 shows inhibition of IFN-gamma production in Thl polarization assay with 
CD4+ cells isolated from NOD mice treated with IR-P or IR-P3 in combination with rhCG, while 
moderateinhibitionwasfoundinThl polarization by rhCG and IR-P3 alone. This shows that freatment 
with IP.P3 in combination with rhCG gives massive inhibition of Thl outgrowth in NOD mice. This 
suggests that IR-P3 fraction needs rhCG for its maximum inhibition of the Thl subset. 

[02841 FIG. 65 shows inhibition of IFN-gamma production in anti-CD3 stimulated spleen 
cellsobtainedfromNODmicetreatedwithIR-P,IR-Pl,IR-P2orwithIP-P3incombinationwithrbCG 

as compared to PBS treated mice. rhCG and IR-P3 separately did not have the same effect as in 
combination. TOs suggests again that IR-P3 fraction needs rhCG for its IFN-gamma inhibition. 

[02851 FIG.66showsanti-CD3stimulatedproliferationatdifferenttimepoints(t=12,24,48 

h) of spleen cells obtained from NOD mice treated with IR-P, its fractions, rhCG, or IR-P3 in 
combination withrhCG.Again,theresultsareconsistentwiththepreviousIFN.gammainhibition(FI^ 
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65) . Here, the IR-23 fraction is also needed rhCG for its inhibitory effect on anti-CD3 induced 
proliferation of spleen cells from in vivo treated NOD mice. 

[0286] FIG. 67 shows that IR-P and its fractions promote IL-10 production of anti-CD3 
stimulated spleen cells from freated NOD mice as compared to PBS freated mice. FIG. 68 shows that 
IgG2a production is not inhibited by in vivo treatment of NOD mice with IR-P2 or rhCG, while IR-P, 
IR-Pl, IR-P3 and IR-P3 in combination with rhCG did inhibit the IgG2a production. 

' [02871 Since, IR-P3 in combination with rhCG has the same characteristics as IR-P, it is 
thinkable that this combination can also be used for the induction of pregnancy, IVF, prevention of 
abortions or related problems. 

[0288] STZ model 

[0289] The determining event in the pathogenesis of diabetes I is the destruction of insulin- 
producing pancreatic beta cells. There is sfrong evidence that the progressive reduction of the b^^^^^ 

mass is the result of a chronic auto-immune reaction. During this process, islet-infiltrating immune 
cells islet capillary endothelial cells and the beta cell itself are able to release cytotoxic mediators. 
C^oidnes,andinparticularnitricoxide(NO).arepotentbeta-celltoxiceffectormota^^^ 

radical NO mediates its deleterious effect mainly through the induction of widespread DNA strand 
breaks. This mitial damage presumably friggers a chain of events terminating in the death of the beta 
cell. 

[0290] Diabetes induced in rodents by the beta-cell toxin streptozotocin (SZ) has been used 
extensivelyasananimalmodel to studythemechanisms involved in thedestructionofpancreaticbeta 
cells SZistakenupbythepancreaticbetaceUthroughtheglucosetransporterGLUT-2.™ssubsta^^^ 
decomposesintracellularly,andcausesdamagetoDNAeitherbyalkylationorbyt^^ 

The appearance of DNA sfrand breaks leads to the activation of the abundant nuclear enzyme 
poly(ADP-ribose)polymerase(PARP),wWchsynthesizeslargeamountsofthe(ADP-ribose)poly^^^ 

using NAD+ as a substrate. As a consequence of PARP activation, the cellular concenfration of NAD+ 
may then decrease to very low levels, which is thought to abrogate the ability of the cell to generate 

sufficient energy and, finally, to lead to cell death. 

[0291] Reactiveradicalsalsoplayanimportantroleinthepathogenesisofmanydiseaseslike 

nephropathy,obsfructivenephropathy,acuteandchronicrenalallograftrqection,a^^^^ 
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(like SLE, rheumatoid arthritis, diabetes, MS), AIDS, diseases related to angiogenesis, atherosderosis, 
thrombosis and type n diabetes mellitus. For instance, recently increased oxidative damage to DNA 
baseshasbeenshowni,.patientswithtypendiabetesmellimswhichcontributetothepathogenes,sand 

complications of diabetes. We tested whether IR also has the capacity to delay the induction of STZ- 
induced diabetes and thus also has an effect on cellular reactive radical formmg and protection. 

10292) to HD-STZ models, the induction of diabetes is due to du^ct effect on beta cells of 
pancreatic tissuebyinducingactivationofPARP.Consequently.decreaseofNADfandabrogation of 
theabiUtyofthecell to generatesufScient energy finallyleadsto«,e cell death.Thissuggeststhatthere 
isnotanyimmunologicalcompo«entinvolvedinflnsprocess.toc„ntrast.intheMD-STZmodel,strong 

innnunological components are present. FIGs. 69 and 70 show that IR-P treatment is able to delay the 
inductionofdiabetesinbothmodels.Themechani™behindthisdelayisprobablyofadifferentnature. 



[0293] Human Studies 

[02941 Theimmunesystmhasaremarkablecapacitytomaintainastateofequilibriu^ 
as it responds to a diverse array of microbes and despite its constant exposure to self-antigens. After a 
productive response to a foreign antigen, the immune system is returned to a state of rest, so that the 
numbers and functional status of lymphocytes are reset at roughly the pre-immunization level. This 
processiscalledhomeostasis,anditallowstheimmunesystemtorespondeffectivelytoan 

challenge, m size and the repertoire of the pre-immune lymphocyte subpopulations are also closely 
regulated, asnew emigrants from thegenerativelymphoidorganscompetefor>ace"w 

cells Lymphocytes with receptors capable of recognizing self-antigens are generated constantly, yet 
normal individuals maintainastateofunresponsiveness to their own antigens, called sel^^^^^^^ 
[02951 inauto-immunediseases,theimmunesysteminappiopriatelyrecognizes"self,'^ 

leads to a pathologic humoral and/or cell-mediated immune reaction. In a normal, nonauto-immune 
state self-reactivelymphocytesaredeletedormadeumesponsivetoperipheralsemigand^^ 

of potentially autoreactive cells can be demonstrated, yet appear not to give rise to apathogemc auto- 
immune reactions to their ligands. A picture of auto-immune disease is emerging wherem these 
autoreactive cells are activated through molecular mimicry, given that T-cell receptor (TCR) 
interactions can be degenerated and T-cells can be activated by a diversity of ligands (1,2). There is 
evidence that under appropriate conditions, activation of autoreactive T-cells is facilitated by the 
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inductionofcytokinesandtheup-regulationofparticularco-stim^^^^^^ 

and CD40), leading to autoimmunity. 

[0296] When the immune system mistakes self tissues for nonself and mounts an 
inappropriate attack, the result is an auto-immune disease. THere are many different auto-immune 
diseases. Some examples are Wegener's granulomatosis, multiple sclerosis, type 1 diabetes mellitus, 
and rheumatoid arthritis. Moreover, mfection can also induce immune responses that lead to the 
induction of immune diseases, while the infection itself is not dangerous to the host. For example, the 
role of Tubercle bacilli in Tuberculosis, in which the immune system reacts top aggressively on 
Tubercle bacilli, resulting in inflammatory illness and tissue destruction due to its own immune 
response. The same is also true, for example, for lepta tuberculoid. 

102971 Auto-immune diseases can each affect the body in different ways. For instance, the 
auto-immunereactionis directed against thebraininmultiplesclerosisandthe gut inCrohn'sdisease. 

Inotherauto-immunediseases,suchasSj6grendiseaseandsystemiclupuserythematosisaupus;SLEX 

affected tissues and organs may vary among individual with the same disease. 

[0298] Many auto-immune diseases are rare. As a group, however, they afflict many people 
in Western societies. Many auto-immune diseases are more prevalent in women than in men. The 
sexual dimorphism covers a broad range of auto-immune disorders, ranging from organ-specific (such 
as Graves's disease) to generalized such as SLE. In MS, there is a female-to-male preponderance 
approaching2:lto3:l.Thereasons for thesexbiasinMS and other auto-immune diseases areunclear 

but many include factors as sex-related differences in immune responsiveness to infection, sex steroid 
effects, and sex-linked genetic factors. It is recognized that MS, Sjogrens, SLE. and RA are different 

diseases and probably differ in etiology. 

[0299] However, the common link is the overwhehning prevalence of these diseases in 
women. Consideringthateachofthesediseasesisauto-immune,theeffectsofsexhormonesandgende^ 

may be similar, making a comparison of these diseases usefol. Auto-immune diseases strike women, 
particularly duringtheirworkingageandtheirchildbearingyears.However,theclinical course 

diseases are surprisingly less severe, or even remission is seen, during pregnancy. 

[03001 Duringpregnancy.womenundergoimmunologicchangesconsistentwithweakening 

ofcell-mediatedimmunity(Thlresponses)andstrengtheningcertaincompon«^^^ 

(Th2 responses). This Th2-biased like-response by the maternal system during pregnancy introduces 
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a status of tmporary immunosuppression or immuno-modulation. wUch results in suppression of 
maternalrgettionresponsesagainst.hefemsbutmaintain,orevenincrease,herresistancetomfect,^^ 

1, addition, decreased susceptibility to some auto-immune diseases, especially Thl-cell-medated 
immune disorders have also been observed. For instance, approximately 77% of women wth 
rheumatoid arthritis (predominantly a nn-cell- mediated auto-immune disorder) expenence a 
temporary remission of their symptoms during gestation, which are apparent ftom the first trm.«to m 
themajorityofcases. Hence, clinical improvementduringgestaHoninThl-cellmediatedauto-munune 

diseases should probably be related to physiologic immune changes during the early pregnancy. 

103011 Since our IR is able to inhibit the development of auto-immune disease in animal 
modelssuchasNODandEAE,wetreatedfewpatientswithimmunediseases.Allpaden.sweretreated 

because of reftactory disease and after infomed consent 

10302) PATIENT 1: Wegener's graoulomatosis 

[0303] Wegener's granulomatosis is an auto-immune vascular disease that can affect both 
men and women and although it is more common in persons in fl>eir middle age, it can affect persons 
of any age. The mitial manifestations generally involve the upper and low« respiratory tract, wth a 
chronic progressive inflammation. Tlieinflammationmayfonnlumpsor granulomas inthe tissues or 

in die skin. Itmaypro^ess into generalizedinilammationofthebloodvessels(vasculitis)andkidn.ys 
(glomerulonephritis). A restricted form of the disease that does not involve the kidneys may occur, 

10304] The vasculitis is the result of an auto-immune reaction in the wall of small and 
medium-sizedblocd vessels. Chronicvasculitiscausesanarrowingoffheinsideofthebloodvessel and 

can result in obstruction of the flow of blood to the tissues. This situation may cause damage to the 
tissues (necrosis). 

10305) Anto-unmunediseasesoccurwhenthesereactionsinexpUcablytakeplaceagamstthe 
body's own cells and tissues by producing self-reactive antibodies, to Wegener's granulomatosis, an 
amoantibody is directed towarf components in the cytoplasm of certain white cells. The cause of 
Wegener's granulomatosis remains unknown. Though the disease resembles an infectious process, no 
causative agent has been isolated. Anti-Neutrophilic Cytoplasmic Antibody (ANCA) is found m the 
majority of patients, and its level appears to correlate with the disease activity. Wegener's 
gr^ulomatosis is a quite rare disease, especially in Europe and in dark people (Afticans, South 
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American Asia.peopk).Tl.eexac.„»mberofpa«en.sis».kno»„,ta.an>»ghes«ma.e,s™on 
cases per million American per year, or abou. 500 ne« cases diagnosed every year in 4e Umted 
SWes The disease can oecur at any age; however, it has its peak in the 4th or 5th decade of hfe 



• It affects males and females equally 

• 85% ofthe patients are above age 19 

. -me mean age of patients is 41 (current age range is 5-91) 

. 97%ofaUpaaentsareCaucasian,2%Blackand 1% are of another race 

10306] Tl^symptomsofWegener-sgranulomatosisandtheseverityofthesesymptomsvary 
ft„m„nepatientt„anothe.,althoughmostpa.ien.sflrstnoticesymptomsin.he„pperrespirato,y tract. 

A common manifestation of the disease is a persistent rhinorrhea ("nnmy nose") or other cold-l*e 
symptoms.hatdonotrespondtosta«dardtrea.men,.a»ithatbecomepro^vely worse. Rhinorr^^ 
canresd.tomsin«sdrainageandcancause„pp«respiraU,ryobs.r«cdonandpain.C„mplamtsmcl„de 

discharge torn the no^ sinusitis, nasal membrane ulcerations and cntsting, inflammaHo. ofthe ear 
withhearingproblems,oou^coughingofbloodandpleurids(inflammati„noftheliningofthelung). 

Otoer initial symptomsincludefever,atigae.malaise(feelingUl),lossofappetite. weight loss.jomt 

pain,m^tsweats,changesinthecolorof»rine.weakness.MostWegener'spattentsdonotexpenence 

all ofthe above symptoms, ^dthes^erityofthediseaseisdiflerentwitheachpatient Fever tsofl^ 

present. sometimesresultingiromba«erialinf«=tioninthesmuses.Onefhirdofthepa.ientsn»yb^ 

without, symptoms at the onset of the disease. 

,03071 Laboratorytestsarenotspecificfor Wegener- sgnmulomatosisandonlysuggestthat 

thepatienthasaninflammatorydisease.Blocdtestsoftenshow anemia (lowredbloodcellcounOand 

other changes in the blood. Chest X-rays and kidney biopsy are important tools used in diagnosmg 
Wegener's^anulomato,is.Forefrectivetreatment,earlydiagnosis is critical. Asymptomaticpauents 

^ be diagnosed by ANCA blood tests and CT scans of sinuses and lungs. It takes 5-15 months, on 
average, tomakeadiagnosisofWegener's^oma.osis.40%ofalldiagnosesaremadewith,nless 

than 3 months, 10% within 5-15 years. 

[03081 Other diagnostic tools are as follows: 
• Erythrocyte sedimentation rate is generally elevated 

. Completebloodcountwilloftenshowsanemia,elevatedwhitecounts,elevatedpl^^^^^^ 
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. Urinalysis is often considered as a screening test for kidney involvetaent 
. 24-hour urine collection is used in certain patients to assess kidney fonction 
. oANCA is characteristic, measuring Proteinase-3 antibodies 

(03091 OuriniMresul,sof,ream^ofpaticn,^thJR-P.Thepa,i^w<^lr^^^^ 

of refractory disease and after inftirmed comenl. 

103101 DiagnosisiWegener'sgranuIomatorisbasedonsinalhistopathologyandcANCAtest. 

[03111 Case:A34yearoldmalepatientknownwia.relapsingWegener-sgran«lomatosisfor 
5 ye^s This patient was treated witt. high dosage steroids, cyclosporine (5 mg*g) and 
cyclophosphamide (1-2 mg*g). Because of progressive disease in July 1998 he was treated with m 

(PREGNYL), 5000 1.U, s.c. daily. 

(03121 FIG slshowstiiatbeforelRtreatmentthepatientwasimmuno^ompromiseddueto 

d,ehighdosesotsteroids. After IR.reatment,thelevelsofT.lymphocy.es(CD4,CD8)wercincreas«i 
and within normal range, except for B-cells. We also measured cytokines in LPS and PMA/Ca 
stimulated PBMC obtained ftom patient duHng the IR treatinent. We o*se„-«d ti,a. LPS stnnu^«d 
PBMC produced n.o« IW-alpha, U^IO and 1^.2 during tteatment (FIG. 82a), whrle PMA/Ca 
stimulated PBMC produced less IFN-gamma (FIG. 82b). Accordingly, we show that IR treafflrent 
increasesthepr„duoti„nofanti.i«flamm^orycytokines(II,10.TW)whilei.decreasestheproduction 

„finfl»nnatory cytokine (IFN-gamma). Ms is^nsistemwithourclimcal observation thatdunng 
m„„ft.oftreati„ent,„otofl.er predion wasobservedasmeasuredbysinalinflammationactivrty. 

These results suggest a beneficial effect of IR-P. 
10313) PATIENT 2: Polymyositis 

,03141 Definition: A systemic connective tissue disease, which occurs through T-cell 
mediatedinflammationcausingdestr«ctionofmusclefibers.Otherpossiblecauseaofdreses,ndromes 

incl^le complement activation, infection, drugs, stress, vaccines. I. can affect people at any age, but 
most commonly occurs in those between 50 to 70 years old. or in chUdren between 5 to 1 5 years old. 
„ affects women twice as often as men. Muscle weakness may appear suddenly or occur slowly over 
we^s or months. There may be difficulty with raising the arms over the head, rising ftom a srttmg 
position, or climbmg stairs. Tire voice may be affected by weakness of tire larynx. Joint pam. 
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of tt.e hear,, and putaonary (tog) disease may occur. A similar cond.«on. cabled 
denna«m,osiUs.isevide„.whe„ad,^.r«ir.happe=rsovermeface,.eck,sho„.ders,.pperc 

^ back. A maligoancy may be associated wid. «s disorder. The incidence of po.ymyos,«s ,s 5 out 

of 10,000 people. 

103151 Patient 2: Diagnosis: Systemic sclerosis/Polymyositis overlap (based on 

histopathology). . . , 

103161 Case: A 50 year old woman who suffered for n.o years torn systemic sclerosrs with 

an active polymyositis component. She was treated wi«, Dapsone, steroids, methotrexate and 
cy,osporine.BecauseofreftaCorymyositisasmeasuredbythecreati„phospha,elevel.shewastreated 

L three months with a combination of prednisone, zyrtec and PREGNYL 5000 l.U., s.c.. Durmg 
treaunent. the CPK level dropped ftom 1 100 to 750. This reflects a decrease in disease acuvrty. 

103171 FIG. 83 shows that due to the IR-P treatment the number of lymphocytes, T^Us 
<CD4 CDS) and B-cells were decreased which indicates the down-regulation of the hyperacuve 
immtme system due to the treannent. This is also consistent with our cytokine data (HO. 86) which 
shows inhibition of 1^ S sUmulated IL-12 and TT^F-alpha by PBMC. Moreover. «.e« was an increase 
inn..0production.duringthetrea.men..wbichisana„ti-inflamma.orycytoMne(FIG.86,M^^^^ 
are elevatedCPKand liver e„z,mes(ASAT.AlAT^ were alsodecreased(FlGs. 84 and 85). Tins all 

reflects a decrease in the disease activity. 

[0318] PATIENT 3: Diabetes melUtus (Type I) 

,03191 Diabetes melUtus is a chronic disorder characterized by impaired metabolism of 
glucose and other en^-yielding firels. a. well as the late development of vascular and neuropathrc 
complications. Diabetes mellims consists of a group of disorders involving distinct pathogemc 
nrechanisms wiU. hyperglycemia as the common denommator. Regardless of cause, the disease ts 
associated with insuli„deficiency,whichmaybetotal,partial.orrelative when viewed in the context 

of co-exisUng insulin resistance. Lack of insulin plays a primary role in the metabolic derangemen^ 
Hdced to diabetes and hyperglycemia, in turn, plays a key role in the complications of the disease^In 
the United Smes, diabetes melUtus is the fourth most common reason for patient contact wrflr a 
ph,sicianandisamajorca„seofprematuredisabi.itya„dmortality.ltis.heleadingcauseofb.ind^^^^^ 

among working-age people, of end-stage renal disease, and of nontraumatic limb ampu.at.ons. It 
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tacreasesmeriskofcardiao.cerebral.andperipheraln.oAiditya^imorUlin'.O^ 
daBmdio.teMmos.ofAedebili«..ingcompUcaaon.ofmedi«aseoa.bepreven.edordelayed 

prospective treatment of hwerglycemi" a"" cardiovascular risk factors. 

10320] insulinmependent diabetes mellitus (IDDM) is one of the clinically defined types of 
diabetes and develops pr«lominanUy in duldr«, and young adults, but may appear in all age groups. 
The maior genetic susceptibility to IDDM is linked to the HLA complex on chromosome 6. -mese 
genetic backgrounds interact with enviromnental factors (possibly certain vin^. foods and chma^^ 

toiniHatetheinHnune-mediatedprocesstha.leadstobetacelldestrucdo,.WhUenon-insulind^^^ 

diab^es (NIDDM). «hich is another clinically defined type of diabetes, is the most common form of 
diabetes.theprevalenceofNn)DMvariesenormouslyftompopulationtopopulatio„.Theg,eatestrates 

havebeenfoundinthePimaIndians.mmajorenvin.mnentalfactorsidentifiedascon.rihutingto.hrs 

formofdiabe.es areobesi.yandreducedphysioalaaivity.NIDDMshowss.ro„g&niUalaggrega.,on 

in all populaSons and is clearly the result of an interaction between genetic susceptibihty and 
enviromnental factors. Before NIDDM develops, insdin concentrations are high for the degree of 
glycemia and of obesity, reflecting Ure presence of insulin resisiance. As insulin resisrance worsens, 
Juoose levels increase, widr the appearance of ^ucose intolerance and. finally, of NEDM. wh«, 

insulin response cannot compensate for insuhn resistance. 

,0321] Smceourpreliminarymicedatashowstha.lRhastheabili.y.oshiftThl phenotype 
cytokines towardsTh2phenoWeandn.is also abletoinhibit diabetes inNODmice.wepostulated 

that it should also have positive clinical effect in human hnmune diseases like drabe««. 
(0322) Patient 3: Diagnosis: Diabetes mellinis type I 

[03231 case: Patient is a 21 year old male suffering from diabetes mellitirs since 3 monte. 
Hewastrea.edwia.insulin(ACTT^IDandINSULTARD).Highlevelofan,i-isle,cellantibodieswas 

inhisblood.Hewastreatedwifl.PREGNYL5000I.U.s.c.forthr.emon,hs.Duringhis.reatme„t..he 
. insulin needed to mdntain euglycemia decreased as shown m Figure 87. After withdrawal of 
PREGNYL his insulin need raised again (nO. 87). h. this pati«.t with the new onset of diabetes 
mellinrs, the insulin need dropped siprificantly during tteatinen . wi* m-P and also improvemen. of 
g,ucosecon«,lwasfound.suppor.edbyadecreaseinglycosyla.edHbAlclevelduringIR.Ptreatm«.. 

(FIG. 87) and decrease in inilarmnatory cytokines (IL12, TNF-alpha. IFN-gamma) produced by LPS 
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stimulated PBMC (FIG. 88). Furthermore, mcrease in IL-10 (anti-inflammatory cytokine) was also 
observed during the treatment (FIG. 88). Accordingly, this suggests an improvement of the islet cell 
function and, eventually, also better glucose regulation. 

[03241 Multiple Sclerosis and related conditions (in vitro data) 
[0325] Multiple Sclerosis (MS) is a disorder of unknown cause, defined clinically by 
characteristicsymptoms,signsandprogression,andpatholologicallybyscattered^ 
and demyelination affecting the brain, optic nerves, and spinal cord. THe first symptoms of MS most 
commonly occur between the ages of 1 5 and 50. 

[03261 The cause of MS is unknown, but it is now widely believed that the pathogenesis 
involves immune-mediated inflammatory demyelmation. Pathologic examination of the MS brain 
shows the hallmarks of an immunopathologic process- perivascular infiltration by lymphocytes and 
monocytes, class II MHC antigen expression by cells in the lesions, lymphokines and monokines 
secreted by activated immune cells, and the absence of overt evidence for infection. Additional evidence 
for an auto-immune pathogenesis includes (1) immunologic abnormalities in blood and cerebrospinal 
fluid(CSF)ofMSpatients,notablyselectiveintrathecalhumoralimmuneactivation,lymphocyte subset 

abnormalities, and a high frequency of activated lymphocytes in blood and CSF; (2) an association 
between MS and certain MHC class H allotypes, (3) the clinical response of MS patients to 
immunomodulation tends to improve with immunosuppressive drugs and worsens with interferon- 
gammatreatment,wMch stimulates theimmuneresponse;and(4)strikingsimilaritiesbetweenMS and 

experimental auto-immune encephalomyelitis (EAE) - an animal model in which recurrent episodes of 
inflammatory demyelination can be induced by inoculating susceptible animals with myelin basic 

protein or proteolipid protein, 

[03271 Epidemiologic studies suggest enviromnental and genetic factors in the 
etiopathogenesisofMS.TheunevengeograpWcdistributionofthediseaseandtheoccuirenceofsev^ 

point-source epidemics have suggested enviromnental factors; however, intense study over the past 30 
years has failed to establish an infectious cause. Migration studies have shown that exposure to 
undefined enviromnental factors prior to adolescence as required for subsequent development of MS. 
Ageneticinfluenceiswell-establishedby excess concordanceinmonozygoticcomparedwithdizygotic 

twins, clustering of MS in families, racial variability in risk, and association with class U MHC 
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allotypes. In Caucasians, .he HLA class H haplotype DR15, DQ6, Dw2 appears strongly and 

consistenUy associated with an increased risk of MS. 

[03281 Theevidence-inm.unologic,epidemiologic,andgenetic-supportslheconceptthat 

exposureofgeneticanys»sceptibleindividuals.oanenvironmentalfk=tor(s)duringchilto^ 

any one of many eonnnon viruses) may lead eventually to inunune-mediated inflammatory 
demyelination.Theprecisein,en>laybe,weengene.ic,environmen.alandimm„nologicfi^andth^ 
^of.heenvir„nmentaltrigger(s)remains.obeel»cid«ed.WeisolatedPBMCf«mMSpa,ien.s 

and stimulated these with LPS or PMA/Ca. After 24 hours of culture, supematants were collected for 
cytokine analysis (TGF-beta, IL-10, IFN-gamma). 

103J91 MS patient 1 (.In vitro) : tee was an increase in production of TGF-beta and IL-10 m 
LPS stimulated PBMC treated with IR-P (FIGs. H and 1). No differences were observed in TGF-beta 
and IL-10 production in cultiares stimulated with PMA/Ca and ^ with IR-P (FIGs. 89 and 90), 
while IR-P inhibited the production of IFN gamma in PMA/Ca stimulated PBMC (nO. 91). 

103301 MSpatient2(mviw):PBMCobtainedfrompatient2showedadecreasedproduction 

of TGF-beta and IFN-gamma in cultures treated wiflt IR-P as compared .0 TPA/Ca stimulation alone, 
while IR-P treatment increased LPS stimulated TQF-beta production (FIGs. 92 and 93) . IL-10 
production was inhibited with IR-P in both LPS and TPA/Ca stimulated cultures (FIG. 94) 

(03311 The stimulating effect of IR-P on tire production of anti-inflammatory cytokmes by 
PBMCtomMSpatientstav,<™andtheinhibi.oryeffcc.sonfl.eproductionofinflammatorycytokines 

correlated witirthebencficial clinical effectsoflR-PtreaUnentofSILmiceinwUchEAEwasinduced 

(see elsewhere in this document). 

103321 Human Bronchial EpltheU.1 edl line BEAS 28 (Asthma in vitto data): 
103331 Diseases characterized by airway inflammation affect a substantial proportion ofthe 
population. These diseases include asthma and chronic obstructive puhnonary disease (COPD). to the 
European Union, COPD and asthma, together with pneumonia, are tire third most common cause of 
death The production of cytokines and growth factors in response to irritants, infectious agents and 
inflammatorymediatorsplayanimportantr„Ieintheinitiation.perpetiaati„na„diri>ibiti„„ofacuteand 

chronic airway inflammation. 
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103341 Aimay inflammation is associate wift excessive production and activity of s^eral 
„>ediat„.andcy.okineareiea.edbyinflan™a.otyandtesiden.T.oe..sintheainvays.Nowiti^^ 
.hat,heepi.heuumisno.onlyanimportanttarge.for.hca«ionofn,ediator.„finflamn.auon.bu,also 

^ active participant in ^ ^--^ ^"'"''^ ""^ '° 

i„fla„u„atoryceUstotheairwaysto>«ghtherelea.eofchcmoat.ractants.«,directinfl^^^^ 

„ngrati„nacr„ss.heepiU,elinmfl>ro„ghthee.prcssionofcen.dhedonmoleculcs,and.ore^^^ 

inflannnatoty activity of other cells through me release of mediators, like cytokines, chemokmes, 
arachidonic acid metabolites and relaxant and contractile factors. 

(03351 BronchialepitheUalceUsnotonlyformapassivebarrierbutalsoplayanactivetole 
in.heimmuneresponse.Tl.eyareab.etop,.duce.varietyofmedia.orsthatmayactdtherpro-oran^ 
i«flamma.ory.Madditio„.branchi^»pi«ialceUsmayexp.essadhesionmoleculesformanyd,ff^^^ 

T-cell types, thereby contributing to their tecruitinent. 

,03361 TNF-alpha produced by inflammatory cells present in the air ways can ttigger otiKr 

inflammatory cytokines and chemokines like RANTBS and n^. It can dao do™ regula^ «.e 
p^etionofanti-inflammatorycytokinesand thereby damagethebarriertoctionofeptthehal^^^ 

Glucocorticoidsinhibitthetranscriptionofmostcytokinesandchemokinesthatarerelev^^ 
includingIW,RAmES.IL^.TOsiritibitionisatleastpartiallyresponsibleforthetherapeu«cefr^ 

of glucocorticoids. 

,03371 our results (FIGs. 71-73) are consistent vrith these findings, and show dtat 
Dex»neftasoneisabletoinhibi.TW.alphainducedIL.6andRANreSproductioninti.eBEAS2B- 

cell line IR-P is also able to i-Aibit the production of TW-alpha induced inflammatory cytokmes, 
M„r.over,dexamethasonewasabletorestore™F-alphainduc^down.regdationofanti-inflam^^^^ 

TGF-beta cy«,kine. while IR-P not only restores TGF-beta production but also promotes thts anti- 
inflamm«orycytokinefitrther(FIG,73).Inaddition,DexamemasoneandK.Pwerebothabletomh« 

IFN-gamma induced production of RANTES (FIG. 74). 

,03381 TNF.alphacanalsoinducecelladhesionmarkers.suchasHLA-DRandICAM.1 on 

.hesurfaceofepitheIialcellswhichthenrecruitinflammatorycells.InthiswayepitttelialcelIsca^ 

function as ,mtigen presenting cells (APC). Our results show d,a. Dexamethasone and ™ 
abletodown.regdatetheTNF-a.phainducedexpressionofHLA-DRandICAM.l(FIGs.75and76). 
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[03391 TheseresultsshowthatIR-Palsohasthcabilitytoatfec.theclimcal«.urseofdiseases 
characterized by Th2-type cytokine phenotype-lilce allergy, aatluna and particular parasitic disea.es. 

10340] Discussion 

10341] Non-Obese diabetic (NOD) mice naturally develop an insulin-dependent diabetes 
(EDM) with remarkable similarity in hnmunopathology and clinical symptoms to human IDDM 
patients As a result, NOD mice have become a valuable tool for studying the underlymg 
immunobiology of IDDM and the complex genetics that control it. Through their study, we now know 
that diabetes is caused by a disbalance in the ratio of the Thl/Th2 subsets and consequently, the 
destr«ctionofinsulinp.oduci.gP-eeUs.TMsdestructio«iscoordinatedbyMnantigen-^^ 
T-cellsthatproduceproinflammatorycyt„kineslikeIFN.Y,TW-alpha/p,andII.l.Agrowingnum^^ 
ofsmdieshasnowcorrelateddiabetes(inmiceandinhumans)withapreferentialdevelopmentofThl- 

like cells. 

[03421 Incontrast,pregaancyisthoughttobeaselectiveTh2phenomenon,andsur^ 
duringpregnancytheseverityofmanyi—eWiateddiseaseshasbeenseen^^ 

Gallo et al. have shown that hCG mediated factor(s) (HAF) present in the urine of first tnmester 

pregnancy have an anti-tumorCandanti-viral) effect, wWch is possibly achievedb^ 

effect on tumor cells and, according to these authors, not by an immune-mediated response. 

[0343] Here, we show an immunoregulator obtainable, for example, &om urine of first 
trimesterpregnancynotonlyaffectstheabovementionedimmunedeviationduringpregnanc^ 

affects the development of diabetes in NOD mice. 

[0344] Our results showthat, for example, PREGNYL, a partially purified hCG preparation 
fromurineoffirsttrimesterpregnancy,candelaytheonsetofdiabetes,forexampleinl5-^^^^^^ 
when treated for only 3 times a week during four weeks, m addition, spleen cells isolated firom these 
treated mice upon transfer have also the potential to delay the onset of diabetes in immuno- 
compromised NOD.scid mice. We fractionated a PREGNYL preparation to assess whether this anti- 
diabetic activity resides in hCG itself, its subunits, P-core (namral break-down product of P-hCG) or 
in unidentified factors (HAF) . It is worth knowing that PREGNYL is one of the most punfied hCG 
preparationsavailableanditcontainsonlylowamountsofP-corefragments.WefoundA^^ 

anti-diabetic activity resided in a fraction without hCG. Furthermore, we showed that human 
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^„*inan.a.pha-hCGa„dp.hCGa,sohadnoefftctHow.ver,wedo«o.exolude«,eposs,^^^ 
hCGc.nsy„er^«ifl.otofac«,rsmdiabe.esa.dotherinun«.media«ddiseases 

,«,451 to»nohis«,logioala„alysisofmepres»ceofinsuli„andinffl.rationm*epancr^ 

of NOD mice *ow«i ta. NOD mice .rea.«d wi* 600 lU PREONYL did no, reveal a sig„,flca„. 
i„fi,«a.e.Moreover,newin^isle«wereseenin«,epanc«as.w«eh*owsapo« 
^oe.i.duced.y«s— .Asm— .»fo«,no™^.,a..easeof9wee^.nfl.^^^^^^ 
pe„e«a.ein»tt,eis.e.andfteis,e.sbecome™one„»itt.lyn*boey«s.l>ou,exp«^^^ 

L were 15.w..ld and the PBS .ea.ed oon.oi mice had many infU«ing «..s and almos. ™ 
^.pr„dneh.scema.««mein.eirpanc,cas.naddi.io„.PBS»ca.edmicehad..^ 

^0 of CD8/CD4 in tt.eir spleen and many T-ceUs in U.eir pancreas. Since our .ealed nnc^ ha^ 

normal CD8/CD4 ratio in «,eir spleen and no inffl^ation was found in Ureir ^^^^^-'^^^^^ 
ZcD4raao.asdue.se.ecaverecn.i«>en.ofCD4.cel,si«.«.epanc,eas.lFN-,and™^^^^^^ 

are involved in the recruitment of T-lymphocytes (Rosenberg et al. 1998). 

,03461 OurrcsultsshowmattreaUnentofNODmicewi.h600IUPREGNYLfbrfourweelcs 

kaddramaacefi^onthemorphologyandftmctionofthcirotherwiseinflamedpan^eas^^^ 

our 300 Rl PREONYL NOD mic« were kept alive until the age of 28 weel« wtthon. treatment a»d 

^.ained non^abetic. The 600 m PREONYL NOD mice were also examined lor sympton. o 

generalised auto-immune diseases, like Sj6gren-s disease, which were not found. Our ,„ ^ 

lperimen.swithto.alsp,ee„c.lUanapurificdcm.cellsofNOD^consis.entv^^^^^ 

was marked inhibition of ffN-r. and TNF-alpha release by spleen ceUs (data not shown 
6omNODmicetreated.„v.-.<,withPREGNYL.F3-5.arK.toalesserexten.wifl.huma.r.combman 

p.hCG.h«reaseinU^produc.ionwasalsoobservedimplyingashiftofT1,l.oT1^.yper^-^^^ 
Ltrea,mentHowever.dosesabove800IUPREGNYLcausedoppositcres„ltsandmaybeduet„.he 

presence of a high amount of hCG itself. ^ _ . 

1,347, Tire immune system is clearly involved in the onset of diabetes. Treamrent w,th 
PREGNYL affects the immune system and thereby can reduce the disease activity in NOD nuce. hr 
ordertoseparatetheimntune-modulatingacavityofPREONYLfamitsbenefidalcMcaleff^^ 

^healthyBALB/cmice.TMsstrainisgeneranyconsideredtoreac.upons.^da..on^^^ 
ariven immune res^nse. Our results suggest that purified 0D4. T-ce,ls obtamed fiom PREGNYL- 
^ BAIB/c mice display a fW>cr Tla skewing The same cells, when resomulated wrth 

80 



PREGNYL in .Uro, showed an eri,a„cemen. of IFN-, prcKiuctton and a decrease in 1^4 produeho.. 
«s tapUes d^ PREGNYL affe«s diffe«n. reg„laU.:y T-cel. subset upon ,rea«>en. »«, ver^ 
,„ ^0. we suggest fl«t «ea«.ent ^ sUn,u.a.es d,e ou.^owfl> of a population of pres™,ably 
CD4+Tr.eeIls,oha«Cerizedbyselecaveproduo.io„ofTGF.13andaIoweror„oproduct>„n„fIL.10. 

TheseCD4.Trl ceUsh.vebeenshov™(0-Ga™e.a.. ,997)indiffe«n.modelsofTh. drivendiseases 
i„o,udingdiabe.es»dMS..oselecHve>,inhibit«>eacdvi.y of™ cells, .hereby also de^^^ 
disea3eseveH.y.Simi.arlyCD4.T<e.lsfl™PREGNYLtrea.edBAIB/cndce,esd»ula.e^ 

Witt. PREGNYL showed an increase of Th. cells con— with a decrease of TT^ celU. Hus .s 
consistent witt,aprrf^.ials.imula.ionoftt>eCm.™ceUscharac.erizedbyaMghp™^^ 
n.,0andalowprod„cdonofTOF.p.Tl.eseregulat„rycellsareinhibito,sofmN-,prod»cUonby™ 
cells as weUastheou.^wthofll.2typece.ls.I.hasalsobeenshown.ha.inNOD.scidn,iceas.eady 

increase of Th2 cells is responsible for the less severe hyperglycemia and the different nature of toe 

infiltrates in the pancreatic islets. 

,03481 Our results of tt.e 300 lU PREGNYL treated NOD and our reconstituted NOD.sc,d 
n,iceshowedasin,ilarslowincreaseinbloodglucose.par«cularlyinNOD.sdd.anda^tr^ 
„fttreinfi.tra.esascon,par»ltoPBS-trea.edNOD.lnNOD,nice.theactivityofPREGNYLnu^twen 

be nr^ated with ttre induc.ic„ of cells hihibitiug both Thl and Th2 cells. TTtese ThS eel s n,ay 
s„ppressthediseaseactivityforp,olongedperiodsofthneattt.everyleast. h,NOD.sc d^rce, a™^ 

nolctional T-cells. reconstihrtion wifl. PREGNYl..«ated spleen cells is nredia^d w,th selecUve 
induaionofThl cells, thereby inhibiting the T1.1 subset only. After prolonged periods, ^e s«ady 
„n,gro«tt.ofdiabe.ogenicTh2 cells isrespo„s.T,lefor the lateonsetofalessseverefbrmom^^ 
Si„rilarlyourF3-5.butnotFl-2,displaystheabove.discussedphenome„on,ar9nngthathCGcannot 
berespot^ible for «.e observed affects. IhisFJ-Sisprincipallypointingtowardsadecisiveeffectcn 

innnune response in ttte ons« of auto-inunune diabetes and is an actrve component for 
immunottierapy of this disease and other inmune-mediated disorders. 

103491 in addition, PREGNYL and innnunoregulators functionally equivalent thereto, >s 
effecttveinNonWin-diabetesn,ellit„s(NIDDM).-n.eessentialproblen.inNroDMpatientsistt.e 

i^inresist^ceandobesity.lthasbeenshownd,a.W<alpha)istt>ecauseofU.einsulin,^is^ 
andobesityofNlDDMCMtlesetal. 1997, Solomon etal. ,997.Pfeifferetal. ,997.Hotarn.sh^eta^. 
1994) Argilesetal. ,994). Tlris msulin resistance induced by TOF-alpha can be reversed by recently 
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developed medicines like Pioglitazone and Metformin, and with engineered human anti-TNF-alpha 
antibody (CDP571) (Solomon et al. 1997, Ofei et al. 1996), which possibly achieved their beneficial 
action by lowering the TNF-alpha-induced free fatty acid (FFA) concentration of the blood and/or by 
stimulating glucose uptake at an intracellular point distal to the insulin receptor autophosphorylation 
in the muscle. Furthermore, the presence of retinopathy (Pfeiffer et al. 1997) (one of the late 
complicationsofdiabetes)hasbeenmediatedwithsignificantlyelevatedplasmaTNF.alpha 
dependent (Pfeiffer etd. 1997). TheincreasedTNF-alphaoccursinmalebutnotinfemaleNroDMand 
mayparticipateinthedevelopmentofretinopathyandothercomplicationslikeneuropathy,nep^^^ 

ormacroangiopathy (Pfeiffer etal. 1997) . Since PREGNYL and fraction 3-5 have immune modulating 
potentidand,inparticular,inWbitTNF-alphadirectlyorindirectly,PREGNYLanditsfracti^ 
havebenefidaleffectsinNTODMpatients. I^werincidenceofdiabetes complications amongfemak^ 

could implicate the involvement of female hormones. A key pathogenic cytokine indicated in sepsis or 
septic shock is the immunological mediator TNFa which occupies a key role in the pathophysiology 
associated with diverse inflammatory states and other seriousilhiesses including sepsis or septic 
andcachexia.WhenTNFisproducedbyT-cells(forexample,byT-cellactivationthroughs 

[exotoxin] or by macrophages through endotoxin), it mediates an inflammatory response that may 
alienate andrepel the attackingorganisms. When the infectionspreads,thesubsequen^ 
quantities of TNF into the circulation is catastrophic, damaging the organ system and triggering a state 
of lethal shock. These toxic effects occur by direct action of TNF on host cells and by the interaction 
with cascades of other endogenous immunological mediators including IL-l, IFN-gamma. 

[03501 Thishasbeenshownbyinductionofshock-likesymptomsinmicesensitizedwithD- 
GalactosamineandfreatedwithTNFaaswellasinhibitionofbothlethalityandvisiblesignsof^ 

after c<)nc.arrentinfusionofanti-TNFamAbsfoUowingTSST-landD-Galactosam^^^ 
lowdoseendotoxinmodelandintheexotoxinmodeUD-Galactosaminefreatmentisnecessarytoinhibit 
the transcriptionofacutephaseprotdns that allowthe liver to detoxify the WghlevelsofTNFapres^^ 
following shock induction. The lack of these acute phase proteins leads to increased susceptibility of 
murine hepatocytes to TOFa mediated apoptosis induction. This apoptosis, and inability to neutralize 
the inflammatory effects of TNEa eventually lead to death. 

[0351] We have shown that factors (IR) with or without hCG present in, for example, the 
^mne of the first trimester of pregnancy (IR-U) and in commercial hCG preparations (IR-P) have 
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tamune regulatory effects. In particular, they have fl« potential to inhibit auto-itnmune and 
Mammat„ry<iiseases.SinceTNFandIFN-ganm,aarepathologicallyinvolvedinsepsisorsept.cA^ 

and also in a«to-inm.«ne and inflammatory diseases. IR also has the ability to inhibit TNF and IFN- 
g^macuteinflammatorystateslike shock. OuTKSultsshowthatlRinhibitssepsis or septKshock 

taBAIB/corSJL, treated with LPS(endotoxinmodel)or«ithTSST-l(exotoxinmodel). IRnot only 
has the potency to inhibit chronic inflammatory diseases, but it can also suppress acute inflammatory 
diseases like shock. Moreover, we also show that even post-treatment with IR inhibits the shock. 
Furthermore, our IR fraction data show that most of the anti-shock activity r«ides in frachons IR- 
(U/P)3-5[pooled]whichcontainmosflyindividualchainsofhCG,homodime,.ofthesechamsorbeta. 

coreresid„alch«ns,breakdownproduCsof.hesechainsandothermolecules(>30kDa).Wehavealso 
shown that the same fractions IR-U/P3-5 have anti-diabetic effect in NOD mice models. ITrus. the 
endotoxin and exotoxin model serves as a &st readout model for the determination of anti-dtabetic 
activity in NOD mice and NOD.scid mice. With the help of endotoxin and exotoxin models, we can 
check for anti-diabetic activity in IR fractions vrithin 48 hours. 

[03521 Thus. IR such as PREONYL and its fraction 3-5 have high potency to suppress auto- 
immune diabetes by modulating the immune system by effecting re^latory T-cell subsets. Our NOD 

andBALB/cdatashowthattt>eyhavethepotentialtorestoretheT-cellsubsetbalance(Thl.>Th2/Th2- 
>TT,1) nterefore. PREONYL and its fraction 3-5 are effective in moduUting ttte severity of ofl>er 
immune-mediated diseases too. like diseases where Thl cytokines are dominant such as Rheumatord 
Arthritis(RA).MultipleSclerosis(MS).NroDM.Systemiclupuse,ythematosis(SLE). transplantation 

models and diseases like allergies and asthma where Th2 cytokines responses are dominant Annual 
models of these diseases Oike EAE model for MS. BB-ra.s for NIDDM, Fisher-rat and MLR-models 
fbrRAOVA-modelforallergies.MmprandBXSB.modelsforSLE).KK.Ay.mice.GKrats. Wistar 

fetty rats, and fa/fa rats provide, amongst others, models of oflier immune-mediated diseases. 
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